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8QHAR  SELF-NOISB  IN  games 


1*  Measurements  of  Sonar  Self-Noise  in  domes  and  in  hydrophone  arrays 
in  submarines  have  been  carried  out  over  a  period  of  several  years*  The 
results  of  such  trials  reeeived  in  A.U.W.K.  before  the  end  of  1961  have 
been  collated  and  summarised  in  this  report. 

2.  The  array  results  (type  186)  are  most  conveniently  grouped  as  follows :- 

(a)  'A'  class,  modernised. 

(b)  PORPOISE  and  0 HERON  classes. 

The  measurements  are  presented  in  tabular  form  as  a  comparison  of  Ihe  level 
in  the  noisiest  octave  in  the  noisiest  half-array  with  the  Adairalty  noise 
target  level.  The  interference  due  to  machines  individually  end  in  groups 
is  discussed  in  detail. 

3.  It  has  been  found  that  the  results  in  conventional  sets  in  the  various 
classes  of  submarine,  some  with  several  sub-classes  according  to  stage  of 
modernisation,  can  be  reduced  to  three  '  divisions",  namely :- 

I  "Old,  unao demised  submarines"  including  old  'A* ,'S'  and  'T'  class 
vessels. 

II  Modernised  submarines  including  'A',  'T1  class  modernised  submarines 
and  'T'  conversions. 

in  PORPOISE  class. 

4.  This  grouping  is  based  on  a  natural  division  according  to  the  levels 
of  the  results  themselves  apart  from  any  tactical  grouping.  The  measure¬ 
ments  have  therefore  been  averaged  into  these  divisions  and  plotted  as 
functions  of  speed,  except  for  the  static  measurements  which  are  plotted 
against  frequency.  Comparisons  between  the  divisions  are  presented  to  show 
the  reductions  in  self-noise  achieved  in  later  submarines  and  the  difference 
between  levels  in  topside  and  keel side  positions.  The  variation  in  noise 
with  operating  depth,  speed  and  frequency  is  discussed  in  an  attempt  to 
establish  the  major  component  of  seif  -noise  under  various  conditions  of 
operation  including  the  snort  condition.  Comparison  is  also  made  with 
results  from  special  trials  in  R.N.  submarines  and  with  submarines  of  other 
Navies,  R.N.  escorts,  and  an  estimated  limiting  level  of  flow  noise. 

5.  An  overall  summary  of  the  self-noise  status  of  modern  S.N.  submarines 
is  given  in  Figure  11  and  discussed  in  the  conclusions  below. 

CONCLUSIONS 

6.  In  only  one  submarine  so  far  measured  has  the  Admiralty  sc If -noise 
target  level  fer  Type  186  operation  (namely  Sea  State  1  between  300  and 
1200  c/s)  been  achieved  in  every  half -array  when  underway.  This  limitation 
is  primarily  due  to  auxiliary  machinery  noise;  however,  even  in  the  absence 
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of  suoh  machinery  noise  the  flow  noise  produced  by  the  submarine  underway 
even  at  slow  speed  is  often  above  the  target  level.  PORPOISE  and  OBERON 
class  vessels  are  quieter  than  'A1  class  end  those  recently  refitted  are 
the  quietest. 

7«  While  continued  research  and  development  effort  directed  to  noise 
reduction  appears  to  bo  necessary  in  order  to  ensure  that  all  submarines 
con  aohieve  and  stay  below  the  Admiralty  noise  target  level  (when  sea  con¬ 
ditions  permit)  detailed  attention  to  the  individual  submarines sfaich  were, 
at  the  time  of  the  trial  noisier  (e.g.  H.M.  Ships  ARTFUL,  AURIGA  and 
ORPHEUS)  should  make  it  possible  to  reduce  their  self-noise  level  mare 
nearly  to  that  of  the  quieter  ones  (e.g.  H.U.  Ships  PORPOISE,  OBSRON  and 
ALDERNEY)  which  achieve  the  target  level  wfcn  in  their  quietest  condition 
(Type  180  Group  I,  static).  It  is  stressed  that  these  conclusions  apply 
strictly  to  measurements  in  uncorrelated  half-arrays  and  are  not  necessarily 
on  absolute  measure  of  the  performance  of  the  complete  set. 

8.  For  Type  187  Search  State  (2jr  kc/s)  the  Admiralty  noise  target  level  is 
also  Sea  State  1  and  both  PORPOISE  class  and  modernised  submarines  fail  to 
achieve  this  by  a  small  margin  under  static  conditions.  The  noise  level 
when  underway  increases  as  the  speed  is  increased  above  3  or  k  knots  but 
the  further  reduction  of  this  noise  in  PORPOISE  Class  is  dependent  upon 
research  into  the  mechanism  of  flow  noise  and  its  control. 

9.  For  Type  187  snort  state  (10  kc/s)  the  noise  target  level  is  Sea  State 
6  and  this  is  achieved  in  the  slow  snort  condition  by  modernised  submarines 
(just)  and  by  PORPOISE  Class  (easily).  The  failure  to  meet  the  target 
under  fast  snort  conditions  is  due  to  propeller  cavitation  and  not  to 
machinery  noise. 

10.  R.N.  Submarines  compare  closely  with  U.S.'J.  Submarines  as  far  as  self¬ 
noise  is  concerned. 
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11.  It  is  considered  that  regular  self-noise  trials  should  be  continued  for 
the  following  re a sons: - 

(a)  To  monitor  the  results  of  the  continued  work  on  noise  reduction 
in  submarines. 

(b)  To  check  that  the  best  results  obtainable  in  the  present  state  of 
knowledge  continue  to  be  maintained  and  extended  in  the  Fleet. 

(c)  To  provide  up-to-date  information  on  submarine  self-noise  for  use 
in  tactical  studies  and  technical  assessments. 

12.  It  is  suggested  that  a  proportion  of  production  fype  187  transducers 
should  have  full  acoustic  calibration  at  A.  U.T.  E.  so  that  absolute  levels 
can  be  attached  to  recent  Type  187  measurements. 

13*  Vessels  for  which  a  Type  187  transducer  calibration  is  available 
should  be  allowed  running  time  in  more  open  and  deeper  water,  independent 
of  radiated  noise  measurement,  in  which  to  exploit  their  speed  and  depth 


capability  tor  self-noise  measurement. 

14*  Attention  should  be  given  to  the  self-noise  correlation  between  two 
halves  of  tbs  type  186.  Without  this  the  present  type  186  aeasurenents 
can  give  only  general  guidance. 


Blank  reverse 


^5•  The  aim  of  this  report  is  to  summarise  the  information  obtained  from 
a  number  of  sonar  self -noise  measurements  carried  out  as  part  of  the 
routine  noise  trials  of  submarines.  These  trials  have  been  conducted  by 
the  Officer-in-Charge,  H.M.  Establishment,  Loch  Goil,  originally  in 
accordance  with  Reference  1  and  currently  Reference  2. 

l6,  A  second  aim  is  to  provide  as  much  basic  information  as  possible  to 
those  concerned  with  problems  involving  self -noise  in  submarine  sonars. 

To  this  end  results  of  trials  not  strictly  «f  a  routine  nature  have  also 
been  included.  Copies  of  the  original  reports  which  have  a  limited 
distribution  are  held  by  S.A.R.L. ,  O.in  C.  H.M.E.,  Loch  Coil,  and 
C.S.A.U.W.E.  only  and  as  this  Technical  Note  presents  a  digest  of  the 
information,  references  to  the  original  reports  are  not  included. 

17*  Measurements  of  noise  in  conventional  sonar  positions  have  been  carried 
out  in  the  following  H.K.  submarines 

(a)  PORPOISE  Class  (k)  PORPOISE 

RORQUAL 

NAE87HAL 

GRAMPUS*  ('  actual  Type  187  Transducer  used) 

(b)  'A'  Class  ALLIANCE' 

Modernised  (6)  AMBUSH 

AL1ERNEY 

ARTEMIS 

ASTUTE 

AENEAS/  (/  topside  dome  abaft  fin) 

(c)  *T*  Class  TURPIN 

Conversion  (6)  TIPTOE 

THERMOPYLAE 

TRUNCHEON 

TABARD 

TACITURN 

(d)  'T'  Class  TAPIR 

Modernised  (3)  TALENT 

TIRELESS 

(e)  Old  *T*  Class  (l)  TACTICIAN 

(f)  Old  'A'  Class  (2)  ACHERON 

ALARIC  1  (1  before  modernisation) 

(g)  Old  'S’  Class  (3)  SCYTHIAN 

SEA  SCOUT 
SENESCHAL 

(h)  'E»  Class  (2)  EXPLORER 

EXCALIBUR 


(j)  Special  Trials 


SCOTSMAN  (dome  development) 
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Measurements  in  Type  18 6  half  arrays  are  available  for  the  following  'A* 
Class  Modernisations:* 

AURIGA  (3  trials) 

ARTFUL 

AMFHION 

ALARIC 

ASTUTE 

ALDERNEY 

and  for  four  submarine s  of  the  PORPOISE  and  the  OHERON  Classes 

ORPHEUS 
WATP.US 
OPT  RON 
PCtJPOISE 

Measurements  using  individual  Type  105  hydrophones  specially  placed  in 
H.M.S.  CACHALOT,  one  of  the  F3RF0ISE  Class,  from  which  theoretical  results 
in  half-arrays  were  computed,  have  also  been  included  for  comparison. 

EXPERIMENTAL  TLCHNIQUES 


General  Procedure 

18.  The  procedures  and  equipment  for  routine  measurement  of  self-noise 
levels  in  submarines  (as  in  other  vessels)  are  described  fully  in  Reference 
3.  In  particular,  the  measurements  are  normally  carried  out  with  a  15-inch 
barium  titanate  hydrophone  substituted  for  the  operational  sonar  transducer 
(or  transducers)  normally  fitted  in  the  boat.  The  advantage  of  this  (apart 
from  accurate  knowledge  of  transducer  calibration)  is  that  measurements  can 
be  taken  at  frequencies  distributed  through  the  full  sonar  spectrum  and  not 
merely  at  the  frequencies  of  the  set  or  sets  which  happen  to  be  fitted  in 
the  boat  at  the  time  of  the  trial.  Thus  measurements  of  self-noise  in  a 
1  kc/s  bandwidth  centred  on  1,  2.5,  5  and  10  kc/s  arc  normally  taken  in  all 
the  standard  sonar  positions  in  the  boat,  and  then  are  reduced  to  equivalent 
omnidirectional  self-noise  spectrum  levels  by  the  standard  bandwidth  cor¬ 
rection  and  directivity  corrections  as  in  Table  1. 

15.  This  procedure  -cannot  be  retained  for  measurements  with  Type  187  nor 
for  the  Type  188  array,  since  neither  type  of  transducer  can  readily  be 
removed.  While  the  frequency  range  of  measurements  is  more  restricted  if 
the  special  transducer  cannot  be  used,  in  two  respects  replacing  the  Type 
187  transducer  would  be  undesirable.  One  is  that  the  old  type  transducer 
and  training  shaft,  not  being  designed  for  use  at  low  frequencies,  are  more 
suscoptablo  than  is  the  Type  1 87  equipment  to  mechanically-conducted  noise. 
The  other  is  that  the  highly  directive  Type  187  transducer  discriminates 
more  strongly  against  noise  sources  off  its  acoustic  axis,  e.g.  rattles  in 
the  casing,  than  does  the  1 5-inch  transducer,  and  by  more  than  the  differ¬ 
ence  in  the  correction  for  the  two  directivity  indices.  Both  of  these 
circumstances  could  result  in  a  pessimistic  value  for  the  self-noise  level. 
For  Types  1 86  and  187,  measurements  therefore  are  made  with  the  operational 
transducer  in  situ.  However,  for  purposes  of  comparison,  the  resultant 
figures  have  been  reduced  to  equivalent  omnidirectional  spectrum  level. 


using  factors  as  given  in  Table  2  for  Type  187  and  Table  3  for  Type  186. 

20.  For  Type  187  results  are  given  in  this  report  only  for  oases  in  which 
the  transducer  calibration  was  known  from  A.U.W.E.  measurements  available. 
Thus  a  number  of  more  recent  trills  have  had  to  be  ignored.  For  the 

Type  186  transducers,  a  general  sensitivity  figure  of  10  microvolts  per 
microbar  for  individual  elements  has  been  accepted.  This  figure  has  been 
quadrupled  for  the  arrangement  of  four  hydrophones  in  series  and  doubled 
again  for  the  baffle  effect  of  the  pressure  hull  as  suggested  in  Pxference 
4.  Subsequent  corrections  for  bandwidth  (25  and  28  dB) and  directivity 
(-12  and  -15  dB)  bring  the  overall  conversion  factor  to  51  dB  for  both 
channels.  In  order  to  compare  the  results  in  this  report  with  Type  186 
measurements  which  may  appear  later,  and  only  as  levels  in  dB  Reference  1 
microvolt,  51  dB  should  be  subtracted  from  the  microvolt  level  to  convert 
it  to  equivalent  omnidirectional  spectrum  level  of  pressure.  It  is 
stressed  that  these  measurements  take  no  account  of  the  correlation  between 
half-arrays. 

Electronic  Background  Noise 

21.  fresent  day  sonars  such  as  Type  186,  187  etc.,  were  designed  for  use 
in  a  submarine  as  a  silent  listening  platform  and  for  this  purpose  very 
slow  speed  of  advance  and  the  running  of  only  a  very  few  items  of 
auxiliary  machinery  were  acceptable  in  order  to  attain  the  Admiralty  Noise 
Target  Level  of  approximately  Sea  State  1  -  Knudsen  curves  (Reference  8). 

If  conditions  prevailing  at  the  time  of  the  trial  should  be  considerably 
rougher  than  Sea  State  1,  it  would  not  be  possible  to  determine  whether 
the  submarine  would  meet  the  target  under  calmer  conditions.  This  is 
inevitable.  However,  one  of  the  limitations  of  waking  measurements  of 
noise  with  a  broadly-re sonant  transducer  is  that  its  sensitivity  at  any 
one  frequency  is  much  less  than  that  of  a  sharply  resonant  transducer  an 
resonance  and  the  level  of  electronic  bake ground  noise  is  relatively  much 
higher.  With  the  15-inch  transducer  in  use  for  the  conventional  sonar 
positions  and  the  present  matching  arrangement  (matched  at  1C  kc/s)  the 
equipment  background  noise  is  approximately  equivalent  to  Sea  State  2  at 

10  kc/s,  though  ra ther  lower  at  the  lower  frequencies.  Some  of  the  earlier 
trials  were  carried  out  using  a  transformer  matching  at  a  lower  frequency 
with  a  result  that  background  levels  et  1  and  2.5  kc/s  ore  below  Sea  State 
1  but  the  level  at  10  kc/s  is  even  higher  (around  Sea  State  4).  It  is 
thus  never  possible  with  this  experimental  equipment  to  state  the  exact 
level  of  sonar  interference  if  this  is  below  Sea  State  2.  Calculations 
based  on  the  sensitivity  of  the  transducer  and  the  measured  background 
noise  in  the  amplifier  (which  approaches  theoretical  thermal  noise) 
suggest  that  it  should,  in  fact,  just  be  possible  to  obtain  Sea  State  1 
equivalent  but  this  has  not  been  realised  in  practice,  possibly  owing  to 
a  certain  amount  of  residual  electrical  pick-up.  In  all  the  relevant 
plots  actual  measured  levels  are  quoted,  uncorrected  far  this  background 
which  has  therefore  been  sketched  in,  in  the  plots.  This  enables  the  reader 
to  make  his  own  estimate  of  the  true  level  and  also  of  the  probable  accuracy 
of  any  correction, 

22.  Two  or  three  recent  measurements  have  been  made  using  actual  Type  187 
transducers.  For  some  of  these  units  acoustic  calibrations  are  available 
in  A.U.Tf'.E.  end  calculations  suggest  that  an  acoustic  background  of  Sea 
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State  1  should  be  easily  measurable  above  equipment  noise.  In  neither  of 
the  two  vessels  where  the  noise  levels  in  Type  1 87  could  be  converted  to 
absolute  acoustic  levels  did  this  minimum  measured  level  in  feet  turn  out 
to  be  appreciably  below  Sea  State  2  or  the  best  measured  with  a  1 5-inch 
diameter  transducer.  However,  as  the  background  noise  in  Loch  Goil  is  often 
not  below  Sea  State  1  to  2  even  when  conditions  appear  calmer  it  is  not 
dear  whether  this  background  in  Type  187  is  due  to  ambient  sea  noise  or  to 
minimum  auxiliary  machinery.  Measurements  in  H.M.S.  THERMOPYLAE  during  the 
development  of  Type  187  have  shown  that  levels  at  least  down  to  S6a  State  1 
can  be  obtained  by  the  sot. 

23.  As  regard  Type  186,  no  difficulty  has  been  experienced  with  electronic 
background  noise  interfering  up  to  the  Admiralty  Noise  Target  Level  of 
Sea  State  1. 

Electrical  Interference 

24*  Some  of  the  early  measurements  in  this  serlos  of  trials  where  parts  of 
the  lype  138  or  129  installations  were  used  were  completely  invalidated  by 
electrical  interference  in  the  submarine.  Tne  original  technique  was  to 
take  measurements  from  the  Sound  Hoorn  where  the  transducer  cable  could 
easily  be  tapped,  and  training  of  the  hydrtg>hone  was  most  convenient.  It 
was  readily  apparent  in  some  vessels  that  certain  machines  produced  undue 
interference,  and  replacement  of  the  transducer  by  a  dummy  one  proved  this 
interference  to  be  clectricel.  The  low  sensitivity  of  the  special  trans¬ 
ducer  increased  the  ratio  of  electrical  to  acoustic  signal  and  listening 
in  an  untuned  audio  bond  made  the  effect  even  more  noticeable.  rMle 
encountering  this  difficulty  was  salutary  from  the  service  point-of-view 
in  that  it  spotlighted  a  growing  problem  in  submarines  at  the  time,  and 
resulted  in  the  institution  of  an  electrical  interference  trial  of  sub¬ 
marine  sonar,  the  original  purpose  of  the  self-noise  trial  was  purely 
acoustic.  It  was  therefore  decided  that  any  subsequent  electrical  inter¬ 
ference  problems  would  be  as  far  as  possible  avoided  by  working  close  to 
the  sonar  hydrophone  position,  and  independently  of  cable  runs  fitted  in 
the  boat.  This  has  the  additional  advantage  of  reducing  capacitive 
"padding"  of  the  transducer  which  lowers  the  effective  sensitivity  end 
relatively  increases  the  electronic  background  noise.  This  has  since  been 
done,  but  is  not,  of  course,  possible,  nor  necessary  for  Type  187  itself 
where  the  signal  cable  has  been  designed  to  run  outboard  in  the  casing  and 
to  be  of  low  impedance  to  minimise  electrical  interference  at  the  outset. 

29.  At  the  beginning  of  the  changeover  in  the  fleet  to  Type  187  an  attempt 
was  made  in  one  or  two  vessels  at  direct  comparison  between  15-inch  and 
5-foot  transducers  by  mounting  the  smeller  one  behind  the  larger,  pick-a- 
back  fashion.  This  necessitated  running  a  cable  aft  in  the  casing  to  a 
suitable  socket  such  as  the  "N.U.C."  light  in  the  fin.  Whilst  this  could 
be  done  without  great  difficulty  and  the  restriction  on  continuous  training 
accepted  for  a  brief  trial,  the  extent  of  electricd  pick-up  in  the  com¬ 
paratively  short  but  unscreened  down  lead  from  the  fin  to  the  first  point 
where  it  could  be  tapped  inside  the  submarine  resulted  in  no  real  compari¬ 
sons  being  obtained  between  the  two  measurements.  It  may  be  possible  to 
obtain  a  useful  estimate  of  the  sensitivity  of  uncalibrated  type  1 87 
transducers  by  this  method  if  a  screened  lead  can  be  provided  to  an  external 
watertight  socket  (the  Type  187  monitor  lead  could  perhaps  be  used  for  this 
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purpose)  but  for  the  time  being  these  pick-a-back  trials  have  been  dis¬ 
continued. 

26.  Severe  electrical  interference  was  experienced  in  Type  187  on  one  or 
two  occasions  when  the  400  c/s  motor-generator  was  run  and  also  tr on  some 
other  machines,  depending  on  the  oable  route ing  in  individual  submarines. 
As  none  of  these  machines  was  essential  to  Type  18 6  search  state,  the 
simplest  solution  has  been  to  switch  them  off. 

EXPERIMENTAL  RESULTS 


Type  186  Arrays 

27.  When  considering  self-noise  levels  in  relation  to  Type  18 6  the  pro¬ 

cedure  has  been  to  compare  the  adjusted  noise  levels  in  oaoh  half-array 
(as  calculated  in  paragraph  17)  with  the  Knudsen  curve  for  See  State  1, 
which  approximates  to  the  Admiralty  Noise  Target  Level  for  Type  186 
operation.  The  amount  by  which  the  adjusted  level  in  the  noisiest  octave 

exceeds  the  Knudsen  curve  for  Sea  State  1  is  taken  as  the  criterion  of 

noisiness,  whether  of  an  individual  machine  or  group  of  machines,  or  of  the 
submarine  as  a  whole  while  underway.  The  bulk  of  the  noise  measurements 
far  Type  186  consist  of  static  trials  of  individual  machines.  There  are, 
in  general,  eight  measurements  on  each  machine;  that  is,  measurements  cm 
each  half-array  at  each  of  the  two  frequencies  -  450  and  900  c/s  (arith¬ 
metic  mean  frequencies  of  octaves).  The  amount  by  which  the  noisiest 
octave  exceeds  the  Knudsen  curve  for  Sea  State  1  is  set  out  for  each 
machine  in  each  submarine  in  Table  4  for  Class  and  in  Table  6  far  'O' 

Class.  Included  in  Table  4  are  measurements  carried  out  in  H.K.S.  AURIGA 

by  the  Projeot  Team  and  published  as  /ppendix  A  to  Reference  4,  end 
corresponding  figures  derived  from  measurements  by  S.A.R.L.  (Reference  5)» 

28.  Comparison  of  the  three  measurements  in  E.M.S.  AURIGA  taken  at  different 
times  by  different  staffs  show,  in  the  main,  reasonable  agreement.  Some 
machines  such  as  Telemotor  pumps  and  the  ballast  pump  seem  to  show  steady 
increase  in  noise  with  time  while  others  have  either  had  attention  between 
trials  or  are  the  subjects  of  slight  anomalies,  for  example,  the  mid-line 
circulator  which  was  quieter  in  later  trials.  The  agreement  is,  however, 
not  really  any  closer  than  between  the  different  submarines  of  the  same 
class. 

29.  Some  tentative  results  in  H.X.S.  CACHALOT  based  on  the  correction  of 
measurements  in  single  hydrophones  to  probable  half -array  responses  are 
included  in  Table  6  for  comparison.  They  ore  based  on  Reference  6. 

30.  The  overall  acoustic  status  of  submarines  in  relation  to  Type  186 
operation  is  summarised  in  Table  5  far  the  six  'A*  Class  submarines,  and  in 
Table  7  for  the  four  1 0*  and  'P*  Class  submarines  (and  H.M.S.  CACHALOT). 
Considering  Table  5  ('A1  Class)  in  detail,  the  first  row  of  figures  is  the 
level  due  to  absolute  minimum  auxiliary  machinery,  run  as  a  group,  as 
measured  during  the  static  part  of  the  trial.  The  second  row  is  the 
measurement  with  the  same  group  of  machines  running  when  underway.  The 
third  row  nf  figures  gives  the  flow  contribution  of  the  submarine  underway, 
estimated  from  a  comparison  of  rows  1  and  2.  The  fourth  row  is  a  cal¬ 
culation  of  machinery  noise  based  on  static  measurements,  adding  to  the 
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minimum  level  of  row  1  the  noise  of  further  machines  whioh  would  be 
essential  to  the  submarine  in  a  searoh  over  a  reasonable  period  of  time. 

The  fifth  row  is  a  final  estimate  of  a  realistic  Type  186  searoh  stats 
underway  based  on  the  addition  of  the  flow  contribution  to  the  revised 
list  of  required  machinery. 

31.  Table  7  ('O'  and  'P'  Class)  gives  the  noise  level  produced  by  two 
states  of  machinery  operation,  first  under  static  conditions  and  seoond 
underway.  The  figures  for  H.M.S.  CACHALOT  and  all  the  figures  under  the 
hooding  "Group  II  (Underway)"  are  estimates  based  on  combinations  of 
measurements,  as  direct  measurement  was  not  made  at  Die  time  of  the  trial. 

32*  A  rough  check  has  been  provided  of  the  acoustic  calibration  of  the 
Type  186  arrays  by  simultaneous  measurements  of  both  background  noise  and 
of  flow  noise  in  the  Type  186  transducer  and  an  A.R.L.  Type  1  hydrophone. 

In  only  one  of  tho  six  measurements  does  the  average  difference  (without 
account  of  sign)  between  tho  Type  1 86  and  the  Type  1  measurement  exceed 
3  dB,  though  individual  ohaxmcls  differ  by  as  much  as  10  dB. 

33.  The  "Underway"  figures  from  Tables  5  and  7  ere  plotted  for  machinery 
"States"  1  and  2  m  Figure  11  as  part  of  a  summary  of  thB  Acoustic  Status 
of  tho  Modern  Submarine. 

Conventional  Sonar  Positions 

34.  The  long  list  of  submarines  in  which  some  measurements  have  been 
carried  out  would  suggest  that  a  normal  statistical  approach  should  be 
possible.  However,  because  of  the  weather  and  other  conditions,  vessels 
of ton  foil  to  complete  a  full  programme  of  self-noise  runs;  moreover, 

as  a  result  of  changes  in  standard  operating  depths  over  a  period  of 
several  years,  the  number  of  measurements  available  for  any  particular  con¬ 
dition  of  depth,  speed,  and  frequency  is  considerably  less  than  the  total 
number  of  vessels  in  the  class  whioh  have  been  made  available  for  trials. 

The  method  of  averaging  has  therefore  been  graphical.  Taking  the  sub¬ 
marines  class  by  class,  a  mean  curve  has  been  derived  for  noise  level 
against  frequency  for  each  machinery  group  in  the  case  of  the  static  trial, 
and  against  speed  for  each  frequency  and  operating  depth  in  the  case  af 
underway  runs.  These  class  average  curves  have  then  been  compared  end  fall 
very  reasonably  into  three  natural  submarine  divisions.  These  are:- 

(a)  Old  submarines  -  'A',  'S',  'T'  Classes  (unmoderaised). 

(b)  Modernised  submarines  -  'A'  modernised,  * T*  conversions  and  »T' 
modernised  classes. 

(c)  Hew  submarines  -  PORPOISE  Class. 

Weighted  moan  curves  have  therefore  been  produced  for  each  of  these  three 
divisions, 

35.  The  group  machinery  noise  for  each  of  these  divisions  is  plotted  es  a 
function  of  frequency  in  Figure  1  for  both  topside  and  keelside  transducer 
positions.  The  appropriate  target  levels  end  also  the  limiting  bade  ground 
level  in  tho  equipment  are  shown  as  shaded  areas.  Ibe  measurements  have  not 


been  corrected  for  background  noise,  neither  sea  state  nor  electronic. 

If  the  sea  state  noise  is  too  hlgi  (Sea  State  2)  the  static  trial  is  post¬ 
poned  or  abandoned.  With  the  exception  of  the  Group  4  runs,  which  are  under 
the  snorting  condition,  all  these  measurements  were  carried  out  at  approxi¬ 
mately  100  feet  keel  depth.  The  machinery  groups  are  the  conventional  ones 
specified  by  Hag  Officer  Submarines  in  Reference  7. 

3 6.  One  class  of  submarine  stands  apart,  vis  the  'S'  Class.  The  self¬ 
noise  measured  on  the  astern  bearing  at  2jr  kc/s  in  H.M.S.  EXPLORER  (topside 
set  only  fitted)  is  given  especially  in  Figure  2b.  A  careful  analysis  of 
the  noise  versus  sequence  of  event  has  been  made  in  this  submarine  (see 
paragraph  121)  in  an  attempt  to  isolate  the  causes  of  the  high  self  (and 
radiated)  noise  levels  in  this  class  of  vessel. 

37.  In  Figures  3,  4  and  5  self-noise  in  underway  runs  is  plotted  as  a 
function  of  speed,  coopering  different  operating  depths  for  each  submarine 
division  in  both  topside  (forward)  and  keelside  positions.  In  constructing 
these  curves  a  certain  amount  of  discretion  has  been  used  in  ignoring 
certain  results  clearly  due  to  abnormal  circumstances,  as  for  instance, 
when  severe  casing  rattles  were  complained  of  in  the  text  of  the  original 
report.  Even  so  certain  slight  anomalies  appear  in  the  three  figures, 
largely  due  to  the  faot  that  the  class  samples  tend  to  be  both  snail  and 
changing.  These  plots  of  self-noise  against  speed  at  constant  frequency  fr 
the  divisions  form  the  basic  information  from  which  the  plots  and  comparisons 
discussed  later  ore  obtained. 

38.  Figures  6  and  7  ore  comparisons,  for  topside  and  keelside  positions 
respectively,  of  the  noise  of  the  different  submarine  divisions.  The 
"deep"  curves  are  obtained  by  taking  a  mean  lower  level  of  the  quieter 
running  depths;  the  underway  snorting  runs  (where  these  are  available) 
have  been  added.  Admiralty  Noise  Target  Levels  of  Sea  State  1  for  "deep", 
and  Sea  State  6  for  "snort"  conditions  have  been  included. 

39»  In  Figure  8  all  the  information  of  Figures  3»  4  ond  5  is  replotted 
in  families  of  curves  of  constant  frequency  and  depth  to  give  a  comparison 
of  levels  in  topside  and  keelside  positions. 

40.  Figure  9  compares,  for  topside  position  and  300  feet  depth  only, 
PORPOISE  Class  submarines  with  two  experimental  submarines,  vis 

H.M.S.  SCOTSMAN  with  a  small  (A/S  59)  glass-fibre  dome  end  H.M.S.  EXPLORER 
with  a  streamlined  steel  dome. 

41.  Figure  10  compares  PORPOISE  Class  with  U. S.  submarines,  and  also  with 
average  R.N.  escort  vessels.  At  the  some  time  it  gives  an  indication  of  the 
lowest  levels  of  self-noise  that  have  been  achieved  in  surface  ships  and 
submarines,  levels  of  noise  which  can  be  attributed  with  some  confidence  to 
the  basic  flow  noise.  Beccuse  of  the  different  ranges  of  frequencies  at 
which  all  these  measurements  were  made  5  kc/s  has  been  found  to  be  the  only 
frequency  at  which  they  can  all  be  compared. 

An  Operational  Summary 

4 2.  Figure  11  consists  of  a  summary  of  the  /.coustic  Status  of  the  Modern 
Submarine,  Hie  first  plot  gives  the  position  for  ^rpe  186,  the  second  far 
a  Topside  Set,  e.g.  Type  187  searching  at  2j  kc/s  when  deep  on  motors,  the 
third  for  a  topside  set  keeping  watch  at  10  kc/s  when  charging  batteries. 
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DISCUSSION  OP  RESULTS  FOR  SONAR  TYPE  186 
Self-Noise  Target  Level 

43*  In  this  report  the  Admiralty  Noise  Target  Level  for  Type  186  operation 
has  invariably  been  used.  This  closely  approximates  to  Sea  State  1.  This 
target  level  would  be  taken  to  mean  the  target  level  of  noise  for  the  sub¬ 
marine  as  a  whole  in  its  status  as  a  silent,  but  none  the  less  fully 
operational,  platform.  This  causes  a  difficulty  in  discussion  of  the  noise 
level  of  individual  machines  since  if  it  is  required  to  reach  the  Admiralty 
Target  Level  of  Sea  State  1,wlth  a  certain  essential  group  of  machines  of 
similar  noise  level  running, then  very  possibly  individual  machines  in  the 
group  must  needs  have  a  noise  level  significantly  below  the  Sea  State  1 
figures.  S.A.R.L.  has  suggested  (Reference  5)  that  the  target  for  Individual 
machines  should  be  the  Adniralty  Target  Level  for  the  boat  less  5  dB.  This 
matter  is  still  the  subject  of  general  consideration  and  for  this  reason  the 
noise  levels  of  individual  machines,  and  also  the  noise  levels  for  the  boat 
with  specified  groups  of  machines  running,  have  all  been  quoted  (e.g.  in 
Tables  4  and  6  and  Tables  5  and  7)  as  relative  to  Sea  State  1 . 

44.  It  may  be  noted  that  in  some  of  the  original  reports  issued  by 
S.A.R.L.  (References  5  and  6)  noise  levels  for  individual  machines  have  been 
related  to  a  forget*  level  of  8.S.2  less  5  dB.  As  a  result  figures  in  this 
report  and  in  S.A.R.L.  reports  will  be  seen  to  differ  by  1  dB  (SS2  «  SS1+6dB). 

Machinery  Noise  in  'A'  Class  Submarines 

(a)  Bssentlel  Machines 

43.  230  Volt  l/C  Machines!  While  both  230-volt  alternators  have  not  been 

measured  in  every  submarine,  at  least  one  has  been  run  in  each  vessel  and 
only  the  No.  2  machine  in  H.M.S.  ARTFUL  required  any  reduction  (about  8  dB 
in  the  6 00  to  1200  c/s  channel).  It  is  not  thought  that  these  machines  will 
be  a  general  problem,  but  some  attention  may  be  required  to  individual  ones 
from  time  to  time  to  avoid  interference  in  Sec  State  1. 

46.  Gvro  Alternators:  Those  in  H.M.S.  AMFHION,  H.M.S.  ALARIC  and 

H  M.S.  AinSRlfit  were"*  acceptable.  Those  in  H.M.S.  ARTFUL,  H.M.3.  AURIGA 
and  H.M.S.  ASTUTE  required  some  noise  reduction  to  Met  the  target  in  the 
high-frequency  channel. 

47.  L.P.  Generators:  While  those  in  H.M.S.  AMFHION,  H.H.S.  AURIGA, 

H.M.S.  AGARIC  and  H.M.S.  ALDERNEY  were  satisfactory,  those  in  H.M.S.  ARTFUL 
and  H.M.S.  ASTUTE  required  some  reduction. 

48.  Main  Motor  Cooling  Fans:  No  interference  wes  experienced  from  any  of 
these  snen  run  at  slow  speed  in  any  of  the  six  submarines,  though  only  the 
starboard  one  was  run  in  the  case  of  H.M.8.  ARTFUL. 

49.  One  Main  Motor  at  110  orl20  rov/nin  (not  underway):  Some  interference 
was  experienced  in  H.M.S.  AhTAjL  and  also,  on  one  of  tne  occasions,  in 
H.M.S.  AURIGA.  In  this  respect  conclusion  (o)  of  Reference  4  (that  one  main 
motor  con  be  run  at  110  rev/min  without  interference  in  T^rpo  ™)  has  not 
been  maintained.  No  difficulty  has  been  experienced,  however,  in  recent 
trials. 


50.  Hydrogen  Clearance  Fans:  When  esll  these  were  run,  overall  reductions 
of  10  dB  (H.M.S.  AMFHION}  to  20  dB  (H.M.S.  ARTFUL)  were  required.  This 
was  due  to  one  or  two  fans  only,  and  others  could  be  run  without  inter¬ 
ference.  By  careful  selection  two  or  three  can  usually  be  used  with  only 
4  or  5  dB  interference. 

51 .  After-Services  Circulators:  These  mostly  appeared  to  require  about 
15  dB  reduction,  though  in  the  port  unit  in  H.H.S.  ARTFUL  nearer  30  dB 
was  required.  In  the  two  most  recent  trials  it  was  possible  to  select  a 
circulator  requiring  less  then  10  dB  noise  reduction. 

52.  Telemotor  Pumps:  Numbers  1  and  2  IIS)  pumps  are  invariably  excessively 
noisy,  reductions  of  from  13  to  over  30  dB  being  required.  In  vessels  in 
which  a  No.  3  IMO  was  run  only  2  or  3  dB  reduction  (H.M.S.  AMFHION  and 
H.M.S.  ASTUTE)  or  even  none  (H.M.S.  ALARIC)  was  required  in  this  pimp* 

(b)  Machines  which  must  be  run  at  least  intermittently 

53*  Trim  Pump:  These  were  all  noisy  and  reductions  ranging  from  upwards 
of  10  dB  in  H.M.S.  AURIGA  to  24  dB  in  H.M.S.  ARTFUL  were  roquired. 

54.  Ballast  Pump;  In  three  'A'  Class  vessels  measurements  showed  a  con- 
sistent  $5  dB  reduction  to  be  required.  Earlier  measurements  in 

H.M.S.  AURIGA  suggested  that  the  necessary  reduction  was  less  than  this. 

No  measurement  was  made  on  this  machine  in  the  last  three  trials. 

55.  Refrigerators:  These  caused  interference  in  all  six  submarines.  The 
re quire A  reductions  range  from  4  dB  in  the  most  recent  trial 

(H.M.S.  ALDERNEY)  to  around  20  dB  in  the  early  trials. 

(c)  Additional  Machines 

56.  Ship's  Ventilation  Fans:  Reductions  of  the  order  of  10  dB  appeared 
to  be  necessary  even  with  the  fans  running  only  at  slow  speed. 

57.  Battery  Ventilation  Fans:  The  effect  of  running  these  was  measured 
in  only  two  vessels,  H.M.S.  AMFHION  and  H.M.S.  ASTUTE,  and  reductions  of 
the  order  of  10  dB  were  found  to  bo  necessary. 

58.  Air  Conditioning  Plant:  These  were  very  noisy  in  all  six  vessels; 
roductionc  of  from  13  to  30  dB  being  required. 

59.  Distillers:  The  5-gallon  unit  required  about  20  dB  reduction  in  the 
three  vessels  in  which  it  was  measured,  while  the  15-gallon  unit  was 
quieter  (l 5  dB  too  noisy),  except  in  H.M.S.  AURIGA  where  the  figure  was 
nearer  30  dB. 

60.  CO2  Absorption  Units:  These  have  only  been  run  in  the  four  most 
reconTtriaj.s  when  no  reduction  in  noise  was  required. 

61 •  Reducers :  These  were  run  in  H.M.S.  AMFHION,  H.M.S.  AURIGA  and 
H.M.S.  ALARIC  and  no  reduction  was  required. 

62.  Sub-Pressure  Pumps:  These  were  run  in  H.M.S.  AMFHION,  H.M.S.  ALARIC 
and  H.M.S.  i STUTE  and  1 0  to  25  dB  reduction  was  required. 
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63.  Sound  Room  Pans:  The  sound  room  table  fan  was  run  in  H.M.S.  ALARIC 
and  3  dB  reduction  was  required.  The  Vent  Axle,  however,  required  no 
reduotion. 

64.  400  c/s  Motor-Generator :  This  machine  was  run  in  H.M.S.  ASTUTE  and  no 
reduction  was  found  to  be  required. 

65.  Auxiliary  Trim  Pump:  This  pump  was  run  only  in  H.lf.S.  ALEERNEY  when 
43  dB  reduotion  was  found  to  be  required. 

Machinery  Noise  in  '0'  and  'P1  Class  Submarines 

(a)  "Group  I"  Machines 

66.  115  Volt  A.C.  Machines:  No  significant  noise  was  experienced  in  any 
115  volt  motor-generator  except  in  the  No.  2  machine  in  H.U.S.  ORIHEUS. 

67.  Gyros:  Those  in  all  vessels  except  H.M.S.  ORIHEUS  were  acceptable  but 
that  in  H.M.S.  ORFHEUS  appeared  to  require  some  8  dB  reduction  and  this  on 
the  wheel  itself  rather  than  the  motor-generator. 

68.  L.P,  Generators:  These  appeared  to  be  satisfactory  in  ell  vessels. 

69.  Hydrogen  Clearance  Fans:  All  vessels  had  at  least  one  fan  on  which 
some  noise  reduction  was  required  but  H.M. S.  WALRUS  and  H.M. S.  PORPOISE 
(and  probably  H.M.S.  CACHALOT)  could  run  most  fans  with  little  or  no 
interference.  In  H.M.S.  ORHEUS  end  H.M.S.  OHER0N  about  10  dB  reduotion 
was  required. 

70.  Main  Motor  Cooling  Pans:  As  in  'A* Class  these  were  run  without  causing 
noise  interference. 

71.  Hovering  Gear:  This  has  bean  run  separately  only  in  H.M.S.  ORFHEUS  and 
H.M.S.  OBERON.  With  the  actuator  pump  only  running  littlo  or  no  reduotion 
was  required,  but  under  the  pumping  condition  (not  specified  for  Type  186 
operation)  up  to  15  IB  reduction  was  required. 

72.  ^RjL^FlottingJEable:  Again  this  was  run  separately  only  in 
H.U.S.  OKK&U&  and  a  marginal  reduction  (3  dB)  appeared  to  be  required. 

73.  Wardroom  Record  Player  (Phone  Sets):  This  was  run  in  H.M.S.  ORFHEUS 
only  and  with  negHgicle  interference. 

74«  After-Services  Circulators:  In  vessels  where  these  were  run  separately 
(H.M.S.  OHERON,  H.M.3.  PORFOIsfe  ond  H.M.S.  CACHALOT)  no  reduction  was 
required  and  as  H.M.S.  WALRUS  only  required  a  smell  reduction  with  ell 
Group  I  machines  running  it  is  unlikely  that  the  circulators  require  much 
noise  reduotion  in  this  vossel  cither.  This  represents  a  considerable 
improvement  on  the  state  of  affairs  in  'A*  Class  where  15  dB  reduotion  was 
required  on  most  units. 
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(b)  Group  II  Machines 

75.  "Vent  Aria" Pans:  These  fens  in  the  E.M.R.  and  wardroom  were  run  in 
H.M.S.  ORPHEUS  only  and  only  a  marginal  reduction,  if  any,  was  required. 

76.  Sound  Root;  Pan :  This  was  run  in  H.M.S.  ORPHEUS,  H.M.S.  WALRUS  and 
H.M.S.  PORPOISE  but  only  that  in  H.M.S.  ORPHEUS  required  any  reduction. 

77.  Main  Refrigerator:  Measurements  in  H.M.S.  CACHALOT  suggested  that 
moderate  reductions  (8  dB)  might  be  required.  In  H.M.S.  WALRUS, 

H.M.S.  OBERON  and  H.M.S.  FORPOISB  no  reduction  was  required  end  in 
H.M.S.  ORPHEUS  little  or  none.  A  great  improvement  on  'A*  Class. 

7®.  Domestic  Refrigerator:  This  was  acceptable,  where  ns. 

79.  A00  c/s  205V  Machines!  These  were  run  in  H.M.S.  ORPHEUS,  H.M.S.  WALRUS 
and  H.M.S.  PORPOISE  and  no  reduction  was  required. 

80.  A.T.M.C.8:  This  was  run  separately  in  H.M.S.  ORPHEUS  only,  but  no 
reduction  was  required. 

(0)  Additional  Machines 

81.  Steering:  This  was  run  separately  in  H.M.S.  ORPHEUS  only,  Then  6  dB 
reduction  was  found  to  be  necossaiy. 

82.  Telenotar  Pumps:  As  in  *  A*  Class  Nos.  1  and  2  DiO  Pumps  were  noisy; 
up  to  20  dB  reduction  being  required.  The  McToggort-Scott  Pumps  in 
H.M.S.  CACHALOT  and  H.M.S.  PORPOISE  were  calculated  to  require  14  dB 
reduction  and  the  N.E.R.L.  pump  in  H.M.S.  ORPHEUS  was  no  quieter.  The 
N.E.R.L.  pump  in  H.M.S.  WALRUS,  however,  was  noted  as  being  fitted  with 
flexible  piping  and  this  pump  was  10  dB  quieter  than  the  otherwise  similar 
pump  in  H.M.S.  ORPHEUS.  If  this  is  general  in  subsequent  members  of  Ihe 
class  only  4  dB  further  reduction  will  be  required.  No.  3  IMO  in 

H.M.S.  OBERON  required  no  noise  reduction,  again  similer  to  'A1  Class. 

83.  C.P.  Generators:  About  12  dB  reduction  was  required  in  both  units 
in  H.M.S.  ORPHEUS  but  none  in  H.M.S.  OBERON  or  H.M.S.  PORPOISE.  No 
measurements  were  made  in  the  other  two  vessels.  These  generators  are 
included  as  Group  I  machines  in  the  H.M.S.  OBERON  and  H.M.S.  PORPOISE 
reports,  but  as  they  ore  quiet  in  these  vessels  it  does  not  confiise  the 
issue. 

84*  Wardroom  Heater:  This  required  little  or  no  reduction  in  the  only 
submarine  in  which  it  was  measured. 

85.  10x6  inch  and  10x3  inch  Ventilation  Pans:  Bach  of  these  in 

H.M.S.  ORPHEUS  required  up  to  6  dB  reduction  but  was  acceptable  in 
H.M.S.  WALRUS,  H.M.S.  OBERON  and  H.M.S.  PORPOISE;  measurements  in 
H.M.S.  CACHALOT  suggested  need  for  about  10  dB  reduction,  10  x  3  inch 
radar  and  galley  exhaust  fans  were  run  in  H.M.S.  PORFOISB  and  no  reduction 
was  required. 
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86.  Air  Conditioning  Plents;  About  6  dB  reduotion  was  required  in 
H.M.S.  ORFHBUS  and  in  one  of  the  units  in  H.H.S.  0IER0N,  but  none  in 
H.M.S.  WALRUS  or  H.M.S.  PCRFOISB.  A  marginal  reduotion  was  required  in 
H.M.S.  CACHALOT. 

87.  100  W  Generators;  Ho  reduotion  was  required  in  H.M.S.  ALRUS,  the 
only  vessel  in  which  measurement  was  made. 

88*  Trim  Pump:  This  was  measured  in  H.M.S.  CACHALOT  when  1 4  dB  reduotion 
appeared  to  be  required.  In  H.M. S.  PORPOISE  only  4  dB  was  required,  and 
that  only  when  pumping  from  forward  to  aft. 

89.  Ballast  Pump :  Measurement  has  been  made  only  in  H.H.S.  CACHALOT  when 
10  dB  reduotion  was  required. 

90.  Both  Sub-pressure  Pumps.  Distillers  and  C0»  Absorption  Units  were  run 
in  both  H.M.S.  OBERON  and  H.M.S.  PORPOISE  (only;  and  no  reduction  was 
required. 

91.  500  c/s  Motor-Generators :  These  were  run  in  H.M.S.  PORPOISE  only, 
but  no  reduotion  was  required. 

92.  1807  Machines:  These  were  run  in  H.M.S.  OBERON  only  and  no  reduotion 
was  required. 

93«  Battery  Cooling  Pump:  These  required  16  dB  reduction  in 
H.M.S.  PORPOISE  and  about  6  dB  in  H.M.S.  OBERON.  No  others  were  run. 

94.  Acid  Agitation;  This  required  3  dB  reduotion  in  H.M.S.  PORPOISE  but 
none  in  H.M.S.  OBERON.  No  others  were  run. 

95.  Battery  Ventilation  Pans:  These  were  run  in  H.M.S.  OBERON  and 
H.M.sT^RTOlS^hBn^5™^^  dB  reduction  was  required,  according  to  which 
fan  was  run  and  to  whether  it  was  run  in  Ihe  "slow"  or  "group  up"  condition. 

96.  Lubricating  Oil  Priming  Pump:  This  was  run  only  in  H.H.S.  PORPOISE 
and  no  reduction  was  required. 

97»  Engine  Turning  Pear:  This  was  run  only  in  H.M.S.  PORPOISE  and  while 
the  starboard  gear  was  quiet,  4  dB  reduotion  was  required  on  the  port  gear. 

98.  Crypto  Machine:  This  was  run  -nly  in  H.M.S.  PORPOISE  and  no  reduction 
was  required. 

Type  186  Search  State 

95*  During  the  trials,  practice  has  varied  in  what  was  deemed  essential 
machinery  for  Type  186  operation,  not  only  between  'A'  and  'O'  Classes, 
but  even  within  the  same  class  of  vessel.  For  this  reason,  Ihe  two  classes 
will,  in  the  first  place,  be  considered  separately.  Clearly,  the  comparison 
between  two  vessels  in  the  some  class  would  not  be  a  fair  one  if  a  parti¬ 
cularly  noisy  machine  were  omitted  from  the  list  of  machines  required  in  one 
particular  vessel.  In  overcoming  this  second  difficulty  let  us  first  con¬ 
sider  the  'A'  olass  trials. 
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100.  The  following  five  machine*  were  invariably*  run  in  the  sear oh  state: 

One  2 30V  a.c.  machine 
Gyro  Motor-Generator 
L.P.  generator 

One  main  motcr  cooling  fan  (at  slow  speed) 

One  main  motor  (120  rev/min  -  2  to  3  knots) 

101.  In  addition  the  following  three  machines  will  be  essential  for  periods 
of  more  than  a  few  minutes  listening: - 

at  least  one  hydrogen  clearance  fan 
one  after-services  oirculator 
one  telemotcr  pump 

All  those  eight  items  have  been  termed  in  this  report  "Essential  Machines" 
and  oomprise  list  (a)  for  'A'  class. 

102.  The  noise  outputs  for  "Type  186  Search  State"  and  "Total  Type  186 
Machinery”  from  the  original  'A*  class  reports  have  therefore  been  amended 
to  include  all  eight  machines  in  each  case.  These  are  the  "Revised"  Type 
186  levels  in  Table  5.  This  also  agrees  with  the  grouping  suggested  in  the 
report  of  the  trials  in  H.M.S.  CACHALOT  (Reference  6).  The  use  of  the  other 
machines  such  as  the  ballast  and  trim  pumps  and  the  main  refrigerator  would 
dearly  be  desirable  from  the  operating  point  of  view,  at  least  at 
intervals,  but  it  is  Intended  to  be  fairly  ruthless  at  this  stage  so  they 
have  been  ezduded.  These  three  items  form  list  (b)  of  "Machines  which 
oust  be  run  at  least  intermittently".  There  are  no  measurements  of  list 

(b)  machines  as  a  group  or  of  lists  (a)  and  (b)  together.  Other  machines 
which  are  not  necessary  in  Type  186  search,  but  the  effect  of  which  on 
Type  186  self-noise  has  been  meesured.  form  list  (c)  -  "Additional 
Machines". 

103*  Turning  to  the  'O'  and  * P'  classes,  which  indude  the  provisional 
measurements  in  H.M.S.  CACHALOT,  the  machines  were  grouped  at  the  time  of 
the  tricl  as  those  which  form  an  absolute  minimum  necessary  to  operate  the 
submarine,  and  additional  machines  which  are  necessary  for  a  normal  Type 
186  Search  State.  Usage  has  come  to  call  these  "Type  186  Group  I”  and 
Type  186  Group  II"  respectively,  but  they  must  not  be  oonfused  with  the 
Groups  1.  2.  3  and  4  of  auxiliary  machinery  allocated  when  dealing  with 
conventional  sets.  This  usage  is  deplored,  but  to  avoid  confusion  in  this 
report  the  Type  186  machinery  groups  are  printed  with  Roman  figures,  and 
the  groups  for  conventional  sets  with  Arabic  numerals. 


'  In  the  trid  most  recently  conducted  (H.M.S.  ALETRHET)  even  the  main 
motor  and  main  motcr  cooling  fan  were  omitted  from  this  group  (static) 
but  as  neither  was  noi«y  the  results  ore  not  affected  by  this 
simplification. 
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104.  The  groups  are 


Type  186 
"Group  I" 
•0*  and  'P« 
Classes 


"Group  II" 
(add) 


/  one  115V  a.c.  machine 
Gyro 

L.P.  generator 
one  main  motor  cooling  fan 
Hovering  gear  (actuator  pump  only  - 
/  boat  at  virtually  sero  speed) 

A.H.L.  plotting  table 
Wardroom  record-player  on  phone  sets 
or  one  after  services  circulator 
(practice  varied) 

^  All  hydrogen  clearance  fans  (not  spares) 

(All  "Vent  Asia"  fans 
all  table  fans 

main  refrigerator  and  cool  room  fan 
domestic  refrigerator 
T^-inch  exhaust  sound  room  fan 
400  o/s  205V  motor-generator 
A.T.H.C.8 


105.  Comparing  these  two  lists  with  the  two  previously  given  for  'A'  class, 
it  will  be  seen  that  all  the  machines  in  the  full  "(a)"  list  for  'A*  class 
are  Included  in  "Group  I"  for  'O'  and  *P’  Classes  except  the  requirement 
for  a  telenotar  pump  which  does  not  appear  in  either  list  for  'O'  Class. 

The  addition  of  "Group  II"  machines  in  'O'  Class  represents  less  stringent 
living  conditions  than  the  full  (a)  list  in  'A*  Class  where,  far  example, 
the  refrigerator  is  excluded.  Although  even  among  'O'  Class,  practice 
varied,  this  did  not  normally  involve  the  inclusion  or  omission  of  noisy 
machines. 

106.  Considering  the  summary  table  for  'A*  Class  (Table  5)  it  v/ill  be 
seen  that  there  is  a  gradual  improvement  in  noise  level  with  the  passage  of 
time  which  is  undoubtedly  due  to  progressive  application  of  experience  in 
noise-reduction  work.  Thus  the  total  underway  noise  level  has  dropped  Aram 
22  dB  in  the  third  H.M.S.  AURIGA  trial  in  1959  to  13  dB  in  the  H.M.S.  ASTUTB 
trial  in  1 981 ,  an  improvement  of  9  dB.  Unfortunately,  no  underway  results 
are  available  for  the  most  recent  trial,  (H.M.S.  ALDERNET),  but  on  this 
occasion,  for  the  first  time,  no  reduction  was  estimated  to  be  required  in 
the  noise  level  due  to  the  minims  group  of  machinery  when  run  under  statio 
conditions. 

107.  In  tbB  summary  far  'O'  and  • P*  Classes  (Table  7)  an  even  greater 
improvement  con  be  seen  and  within  a  shorter  time  (that  is  if  one  ignore 
the  H.M.S.  CACHALOT  results  which  wore  estimates  based  on  single  hydrophone 
measurements).  There  is  a  fall  in  noise  level  from  20  dB  in  H.H.  S.  ORPHEUS 
reported  in  January  1 961  to  only  1  dB  in  H.M.S.  FORPCISE  in  September  1 961 • 
Both  H.M.S.  PORPOISE  and  H.M.S.  OHSRON  require  no  reduction  under  Group  I, 
statio  conditions.  Of  the  total  ncise,  not  only  the  machinery  noise  con¬ 
tribution,  but  also  the  flow  noise  contribution  in  the  Type  186  Search  State 
appears  to  have  been  reduced  in  vessels  more  recently  available  for  trials; 
and  this  applies  to  'A',  *0'  end  ' P*  Class  boats  equally.  The  improvement 
range*  from  a  15  dB  reduction  necessary  in  H.M.S.  ART  PUL  and  H.M.S.  QRHEU8 
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to  0  dB  in  the  moat  reoent  -  in  which  underway  trials  were  earricd  out  - 
H.M.S.  PORPOISL.  While  it  may  not  now  ho  necessary  to  keep  the  submarine 
underway  in  order  to  carry  out  e  search  with  Type  186,  to  be  able  to  search 
when  underway  without  incurring  an  additional  self-noise  penalty  clearly 
increases  the  operational  flexibility  of  the  vessel. 

108.  The  speed  at  whioh  the  vessel  may  proceed  without  curtailing  detection 
range  is  thought  to  be  of  the  order  of  5  knots  for  the  most  modern  vessels. 

109.  There  is  no  information  on  the  dependence  of  self -noise  with  depth 
for  Type  186,  though  no  dependence  would  be  expected. 

Comparison  of  Frequency  Channels 

110.  From  the  average  noise  levels  in  the  Type  186  half -arrays  (which  are 
not  published  here),  the  background  in  three  'A*  Class  submarines  with  the 
absolute  minimum  of  auxiliaries  running  is  2  dB  above  Sea  State  1  in  both 
octaves  (300  to  600  and  600  to  1200  c/s).  Underway,  Ihis  becomes  7  and  6 
dB  in  low  and  high-frequency  channels  respectively.  Hie  implication  of 
this  is  that  the  genersl  background  noise  in  Type  186,  except  when  parti¬ 
cular  machines  with  very  strong  discrete  frequencies  are  present,  has  a 
similar  spectral  distribution  to  sea  state  noise  i.e.  -5  or  -6  dB  per 
octave. 

111.  When  machinery  is  the  dominant  contributor  to  noise  in  Type  186 
arrays,  it  sometimes  happens  that  the  contribution  in  the  lower  octave 
(300  to  6 00  c/s)  is  consistently  more  significant  than  in  the  higher  octave 
(600  to  1200  c/s)  (e.g.  H.M.S.  AURIGA  -  Reference  5).  Broadly  specking, 
this  tends  to  be  the  general  rule.  At  the  same  tine  the  general  survey 
of  this  report  indicates  that  it  is  not  necessarily  true;  there  are 
frequent  examples  in  which  machinery  noise  as  a  whole,  or  the  noise  of 
individual  members  is  of  greater  significance  in  the  higher  octave.  It 
follows  that  it  is  not  enough  to  base  requirements  for  maximum  reduction  on 
machine  a  simply  on  measurements  in  the  L.F.  octave  only. 

Comparison  with  U. S.  Results 

112.  Available  comparison  with  results  in  submarines  of  other  Navies  is 
rather  sparse.  Some  early  measurements  in  U. S. S.  BATA  (Reference  9)  taken 
on  the  50-element  "LQRAD"  receiving  system  at  100  c/s  gave  the  minimum 
level  in  individual  hydrophones  under  "patrol  quiet"  and  "ultra  quiet"  con¬ 
ditions  at  around  Sea  State  2  (the  maximum  was  in  excess  of  Sea  State  6), 
levels  comparable  with  those  recorded  in  single  hydrophones  in 

H.M.S.  ACHERON  (Reference  10).  In  the  array,  dlowing  17  dB  for  directivity 
effect,  a  level  between  Sea  State  3  find  Sea  State  6  has  reported.  As  Ihis 
is  10  to  15  dB  above  Sea  State  1  it  compares  with  Type  1 86  in  the  early  'A' 
Class  and  is  same  10  to  15  dB  noisier  than  the  most  recent  'A.1  and  '01 
boats. 

113.  Measurements  on  a  single  hydrophone  in  the  superstructure  space  at 
frame  58  in  U.S.S.  NAUTILUS  under  "Reactor  Cre^p"  conditions  are  never 
below  Sea  State  6  even  with  the  feed  pump,  a  noisy  machine,  secured.  With 
the  full  "Ultra  quiet"  machinery  running  the  levels  are  at  least  10  dB 
higher  still  at  Type  186  frequencies  (Reference  11 ), 
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DISCUSSION  OF  RESULTS  FOR  CO! 


ON/.L  SONAR  POSITIONS 


Machinery  Noise  -  General 

114*  In  addition  to  radiated  noise  and  sonar  interference  in  Type  186 
half-arrays  (where  fitted)  measurement  was  usually  made,  during  the  atatio 
trial,  of  machinery  noise  interference  in  both  topside  (fypes  168,  138,  and 
oooasionally  187)  and  keelside  (Type  1 69  and  129)  positions.  During  the 
earlier  trials  measurements  were  often  made  of  noise  from  individual 
machines,  but  only  the  average  in  the  different  submarine  divisions  of 
'Group*  machinery  noise  is  included  in  this  report  (Figure  1 ).  In  recent 
trials  measurement  on  individual  machines  in  conventional  sonar  positions 
has  been  omitted  altogether  because  of  the  time  involved  in  measuring  the 
individual  contribution  of  the  large  number  of  machines  fitted  in  modern 
submarines.  This  is  one  of  the  sacrifices  which  had  to  be  made  to  keep  the 
time  taken  by  the  complete  noise  trials  of  a  modern  submarine  within  the 
5  days  allooated,  and  it  has  proved  to  be  justified  for  the  following 
reasons 


(a)  Speaking  generally,  machinery  noise  is  not  too  serious  a  problem 
in  conventional  sonar  positions. 

(b)  Any  moohine  which  causes  interference  in  a  conventional  sonar  is 
normally  even  more  noticeable  in  radiated  noise  or  in  Type  186 
self-noise,  and  attention  is  therefore  drawn  to  it  in  any  case. 
Although  measurements  have  been  made  (both  static  and  underway) 
of  noise  in  the  keelside  positions  over  the  edible  frequency 
range  1  to  10  ko/s  as  far  the  topside  position,  this  is  largely 
for  comparative  purposes  as  it  is  unlikely  that  a  set  operating 
at  frequencies  below  10  ko/s  would  ever  be  used  in  this  precise 
position.  At  this  frequency  the  noise  level  due  to  machinery  in 
a  modern  submarine  either  approaches  the  target  closely  or  is 
affeoted  by  background  noise  in  the  equipment,  so  that,  again, 
auxiliary  machinery  does  not  appear  to  be  a  serious  problem,  and 
any  machine  causing  interference  in  !types  129,  1 69,  or  719  would 
be  expected  to  be  c  serious  problem  from  other  noise  aspects. 

4 15.  On  examination  of  the  plots  of  group  machinery  noise  against  frequency 
in  Figure  1  several  points  are  readily  apparent.  One  is  that  with  Group  I 
or  II  machinery  running  the  noise  levels  at  5  and  10  kc/s  (and  occasionally 
even  at  2^  kc/s  in  a  quiet  submarine  are  limited  by  background  noise  in  the 
measuring  equipment.  This  can  be  true  at  10  kc/s  even  with  Group  4 
machinery  running.  A  second  point  is  that  the  Group  I  machinery  target 
level  is  approached  very  closely  by  modern  submarines  at  kc/s  (and  pre- 
susably  at  frequencies  above  this,  too,  if  the  background  had  been  low 
enough  to  allow  this  to  be  checked).  Groups  2  and  3  require  possibly  6  dB 
reduction  to  achieve  their  targets,  while  with  Group  4  machinery  running, 
under  which  conditions  the  target  is  relaxed  to  Sea  State  6,  end  the 
frequency  of  interest  is  10  ko/s,  th6  target  is  achieved  for  the  PORPOISE 
Class  and  almost  achieved  by  modernised  submarines.  (Snorting  runs  under¬ 
way  are  slightly  quieter.) 


116.  The  ourves  for  old  submarines  are  not  of  great  interest  except, 
perhaps,  to  indicate  what  progress  has  been  made  in  the  resilient  mounting, 
and  noise  reduo tion  of  submarine  machinery.  In  making  this  comparison  a 
further  point,  whioh  is  indioated  in  the  key,  must  be  borne  in  mind.  It 
is  that  the  praotioe  on  the  very  early  trials  was  to  train  both  hydrophones 
astern  during  the  statio  trial  to  give  the  maximum  chanoe  of  deteotlng,  as 
was  thought,  individual  machines.  When  comparing  group  machinery  noise 
with  a  target  level  it  is  probably  fairer  to  train  the  hydrophone  on  an 
operational  bearing,  and  this  has  sinoe  been  done.  For  this  reason  the 
"Old  submarine"  measurements  topside  are,  no  doubt,  pessimistic  and  the 
keelside  ones  probably  optimistio  as  the  astern  bearing  of  the  normal  keel- 
side  set  (Type  129/169)  is  blanks tted  by  the  keel. 

Individual  Machines 

117.  Occasionally,  individual  machines  are  noted  in  reports  as  causing 
excessive  noise  in  a  conventional  sonar  position.  In  the  case  of 
H.M.S.  RORQUAL  five  such  items  were  mentioned.  Thus  'bangs'  occurred  at 
the  end  of  each  hydroplane  movement.  Four  items  in  the  torpedo  control 
gear  caused  excessive  noise.  Except  in  the  topside  position  at  10  ko/s, 
the  &.A.P.  S.U'a  gave  rise  to  levels  10  dB  above  all  other  Group  3 
machinery  when  measured  in  either  position  and  at  any  froquenoy,  end  upwards 
of  20  d3  noiser  in  the  keelsido  position  at  frequencies  of  5  ko/s  and 
below.  jJ.P.S.U. 's,  Torpedo  ramming  gear  and  TCSS3,  were  also  shown  to  be 
noisy.  Independently,  all  G.A.P.S.U?s,  D.P.S.U. 's  and  ramming  gear  were 
found  to  bo  excessive  contributors  to  radiated  noise,  the  G.ApJS.U.  being 
detectable  at  an  estimated  9000  yards  in  Sea  State  1  (lloforenoe  12). 

118.  While  in  H.M.S.  PORPOISE  end  H.U.S.  GRAMPUS  no  specific  machines  were 
cited,  H.U.S.  NARWHAL  had  a  similar  list  to  H.M.S.  RORQUAL'S,  Ifydroplanss 
and  torpedo  control  and  manipulation  again  appeared,  but  T.C.S.S.3  was 
omitted  and  a  ballast  pump  cited.  Again,  these  items  were  generally  bod 
from  the  radiated  noise  viewpoint. 

119.  In  'A'  class,  noisy  machines  included  the  main  motors  in  H.M.S.  ARTEMIS 
and  the  forward  high-pressure  air  compressor  in  H.M.S.  ASTUTE. 

Turbine  Machinery  -  'E'  Class  Submarines 

120.  It  has  been  known  for  some  time  from  tacticel  exercises  that  the  sub¬ 
marines  H.M.S.  EXPLORER  and  H.M.S.  EXCALIBUR,  when  under  turbine  propulsion 
are  excessively  noisy  from  the  radiated  noise  viewpoint.  Because  existing 
noise-ranging  facilities  did  not  allow  the  level  to  be  measured  directly 
whon  at  high  speed  a  self-noise  trial  was  undertaken  with  the  cause  of  the 
high  radiated  noise  level  in  mind  as  much  as  Ihe  level  of  self-noise  alone. 

121.  A  major  difficulty  is  always  encountered  in  trying  to  seperate  flow, 
machinery,  and  cavitation  noise,  as  the  machinery  cannot  be  run  and  made  to 
dissipate  power  except  by  driving  the  vessel.  This  results  in  flow  and 
cavitation  noise  in  addition,  though  some  variation  in  the  latter  component 
con  be  obtained  by  varying  the  depth  of  operation.  However,  certain 
auxiliary  machines  connected  with  turbine  propulsion  can  be  run  separately 
and  in  order  to  isolate,  where  possible,  such  items  as  appreciable  con¬ 
tributors  to  total  noise  the  sequence  of  running-up  turbine  machinery  was 
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followed  oare  fully  with  the  hydrophone  trained  astern.  The  turbine  was 
then  clutched  in,  and  when  the  vessel  had  gathered  way,  all  the  machinery 
was  stopped  and  a  "glide"  run  obtained.  The  noise  assooiated  with  eaoh  of 
these  steps  is  depicted  in  Figure  2bfbr  a  froquenoy  band  of  2  to  3  ko/s. 

122.  When  commencing  to  run  on  turbines  three  pumps  eonoerned  with  oooling 
and  removing  the  steam  from  the  condenser  are  started  first.  Those  are 
normally  run  together  and  while  the  total  noise  level  was  fairly  high  it  is 
not  known  which  pump  was  largely  responsible.  Next  the  "Triple  Pump"  is 
started,  so  oalled  because  the  three  pumps  supplying  fuel,  H.T.P. ,  and 
water  a re  ganged  in  order  to  keep  the  proportions  correct.  In  the  first 
position,  however,  the  3-com  valve  allows  only  H.T.P.  to  the  catalyst  cham¬ 
ber.  The  fuel  and  water  injection  being  by-passed  at  this  stage.  Initially, 
there  is  only  the  mechanical  noise  of  the  pump,  which  again  is  high,  but 
after  a  few  seconds  decomposition  builds  up  and  steam  is  ejected  outboard. 
Subjectively,  both  on  the  sonar  and  when  running  turbines  alongside  for 
trial,  this  sounds  like  a  locomotive  letting  off  steam.  The  next  stage, 
when  the  combustion  chamber  has  reached  the  appropriate  temperature,  is  to 
inject  the  fuel  and  water.  The  fuel  burns  in  the  released  oxygon  producing 
C02  and  more  steam  at  a  very  high  temperature.  The  water  injection  results 
in  a  further  very  much  larger  volume  of  steam  but  reduces  the  temperature. 

All  this  steam  is  still  ejected  overside  at  this  stage  and  results  in  a 
further  increase  in  noise  of  over  15  dB  -  now  reaching  a  spectrum  level  of 

1  dyne/cm2.  This  is  entirely  steam  noise  as  the  vessel  is  still  proceeding 
at  only  3i  knots  on  main  motors.  The  character  of  the  noise  is  similar  to 
previously,  i.e.  unpitched;  but  much  more  intense. 

123.  The  next  step,  "Steam  to  Turbine"  reduoes  the  flow  of  steam  outboard 
in  order  to  run  up  the  turbine.  It  will  bo  seen  that  the  noise  dropped 
considerably  according  to  how  much  steam  was  being  ejected,  and  the  drop  in 
noise  suggests  that  the  turbine  itself  was  not  an  unduly  noisy  machine, 
certainly  when  compared  to  the  steem  noise.  The  turbine  was  then  clutched 
in  and  the  vessel  gathered  way  until  a  speed  of  about  15  knots  was  attained. 
There  was  no  steam  overside,  but  the  noise  of  the  vessel  had  almost  regained 
the  "steam  overside"  level.  This  was  now  apparently  due  to  propeller  and 
local  cavitation  (the  vessel  was  "crabbing"  and  intense  "spitting"  noises 
could  be  hoard  under  these  conditions).  While  no  steam  was  going  overside, 
exhaust  C02  from  the  condenser  was  having  to  be  compressed  and  ejected 
overside  and  it  is  thought  that  this  must  also  be  noi^y. 

124.  When  the  turbine  was  stopped,  (by  stopping  the  triple  pump)  the  noise 
dropped  sharply  by  over  10  d3  before  the  vessel  lost  way  at  all  or  the 
turbine  could  run  down.  It  is  thought  that  removing  the  drive  from  the 
propeller  caused  this  sudden  drop  in  noise  as  the  cavitation  on  the  "back” 
of  the  badly  slipping  propeller  would  also  stop  suddenly.  This  manoeuvre 
may  on  the  ether  hand  throw  some  cavitation  onto  the  normal  thrust  face, 
but  it  is  certain  to  be  much  less  and  is,  in  any  case,  better  shielded  from 
the  sonar  dome.  The  position  is  complicated  by  the  fact  that  the  vessel 
stops  crabbing  immediately  the  drive  is  removed  and  so  local  cavitation  is 
also  reduced;  moreover,  the  quantity  of  COg  "overside"  is  reduced  quickly. 

125.  Instantaneous  log  readings  of  speod  were  taken  as  the  vessel  lost  way 
until  tho  speed  dropped  to  4  knots,  when  the  noise  level  was  consistent  with 
that  obtained  when  deep  under  motors.  In  fact,  tho  noise  at  all  speeds  when 


gliding  was  consistent  with  flow  noise  in  the  casing  of  a  fairly  modern 
submarine. 

126.  While  some  of  the  turbine  machinery,  particularly  the  triple  pump, 
is  undoubtedly  noisy,  the  noise  output  does  not  compare  with  the  non- 
maohinery  sources  of  self-noise  present  when  underway  turbinlng.  These 
other  noise  levels,  as  will  bo  seen,  ere  very  high,  though  it  must  be 
remembered  that  there  is  no  experience  of  operating  'conventional*  sub¬ 
marines  in  this  speed  range  from  which  a  so-called  "reasonable"  noise 
level  oould  be  estimated. 

Underway  Runs 

127.  Because  time  was  not  allowed  for  independent  running  for  self-noise 
measurements  in  more  open  and  deeper  water  all  runs  had  to  bo  oaxried  out 
at  the  same  time  as  the  noise  ranging  in  Loch  Fyne,  Hence  no  very  deep 
runs  at  high  speed  could  be  included.  Thus  in  older  submarines,  speeds 
up  to  9  knots  wore  employed  and  in  the  later  ones  speeds  up  to  17  knots  at 
shallower  depths  only.  It  is  unfortunate  that  these  high-speed  runs  deep 
oould  not  be  carried  out  as  it  is  at  high  speed  that  the  greatest  change 
in  noise  with  ohange  in  operating  depth  is  expected.  The  auxiliary 
machinery  operated  was  normally  confined  to  Group  I,  though  on  some 
occasions  some  even  of  the  Group  I  machines  were  not  required  and  were 
therefore  omitted.  Considering  the  basic  plots  of  noise  against  speed  for 
the  different  divisions  of  submarines,  Figures  3,  4  and  5  are  arranged  to 
show  the  effect  of  depth  at  the  different  frequencies.  It  will  be  seen  lhat 
there  is  a  general  decrease  in  noise  as  the  d^pth  of  operation  is  increased 
from  periscope  to  the  maximum  in  both  topside  and  keelside  positions.  Since 
there  is  no  reason  to  expect  a  change  in  machinery  noise  with  ohange  of 
depth,  and  the  evidenoe  is  that  flow  noise  is  not  dependent  on  depth,  this 
noise  reduction  can  only  be  due  to  a  reduction  in  the  propeller  cavitation 
component.  The  fact  that  the  reduction  in  total  self-noise  with  increase 

in  depth  is  generally  greater  in  the  keelside  position  therefore  suggests 
that  a  relatively  greater  proportion  of  total  self-noise  in  the  keelside 
position  is  duo  to  propeller  noise  than  in  the  topside  position.  In 
Figures  6  and  7  the  different  divisions  of  submarine  have  been  compared  for 
the  two  tactically  most  important  conditions;  namely,  the  snort  and  deep 
conditions.  The  snort  runs  are  confined  to  PORFOISB  and  T  Classes  beoause 
runs  under  the  snorting  condition  wore  not  part  of  the  normal  self -noise 
programme  at  the  time  most  of  the  old  vessels  were  ranged,  and  to  date 
only  one  A  modernisation  hes  snorted  for  self-noise  runs.  This  was  left 
out  of  the  averages  as  the  topside  dome  was  abaft  the  fin  and  the 
excessive  machinery  contribution  would  have  been  misleading.  Under  snorting 
conditions  the  Adkniralty  Noise  Target  Level  is  Sea  State  6  for  frequencies 
between  1  and  10  ko/s.  This  target  is  met  at  5  and  10  kc/s  for  both  topside 
and  keelside  positions  but  in  the  slow  snort  condition  only.  All  the  fast 
snort  runs  and  the  slow  snort  runs  at  the  lower  frequencies  are  considerably 
above  the  Admiralty  Noise  Target  Level  in  both  topside  and  keelside 
positions. 

128.  Comparing  the  snort  runs  for  PORPOISE  Class  with  the  battery  driven 
runs  for  the  Class  as  shown  in  Figure  5  the  snorting  condition  is  seen  to 
be  only  about  2  dB  noisier,  showing  that  the  failure  to  meet  the  target 
under  the  fast  snort  condition  is  due  largely  to  the  increase  in  propeller 


and  not  to  engine  noise.  In  fact,  the  same  Is  true  for  tbs  T  Clots  when  a 
similar  strict  comparison  is  mads.  This,  however,  is  not  directly  apparent 
by  comparison  of  figures  4,  6  and  7  because  the  plots  of  figure  4  include 
a  number  of  A  Class  submarines  which  are  quieter  than  T  Class  under  these 
conditions.  There  are  no  measurements  of  A  Class  snorting  to  oompore  with 
the  results  from  battery  runs.  There  is,  however,  some  machinery  contri¬ 
bution  to  self-noise  under  the  snorting  condition.  This  is  particularly 
notioeable  in  the  T  Conversions  at  1  and  2&  ko/s  in  the  keelside  position 
where  the  noise  is  very  much  greater  than  in  either  the  keelside  position 
during  battery  runs  or  in  the  topside  position  snorting;  this  may  be  due  to 
mechanioally-oonduoted  noise.  In  the  seoond  place,  while  PORPOISE  Class 
meet  the  Admlrclty  Noise  Target  at  10  kc/s,  when  snorting  at  slow  speed, 
speed  for  speed,  the  battery  runs  are  considerably  quieter,  showing  that 
although  the  fast  snort  condition  is  not  machinery  noise  dominated,  the 
slow  snort  condition  is. 

129.  The  overall  reduction  that  would  be  necessary  to  achieve  the  target  is 
about  10  dB  for  the  T  Conversion  and  5  dB  for  P0F.P0ISE  Class.  This  applies 
at  the  higher  frequencies  and  the  amounts  would  be  even  .  renter  at  tho  lower 
frequencies.  The  component  to  bo  tackled  is  the  propeller  noise  component 
at  tho  higher  snort  speed  and  the  higher  frequencies,  while  seme  reduction 
in  machinery  noise  will  be  necessary  to  achieve  the  target  at  the  lower 
frequencies. 

130.  Comparing  the  different  submarine  "divisions”  on  batteries,  deep,  it 
is  immediately  apparent  that  the  old  submarines  ore  very  noisy  when  at  any 
speed  at  all.  This  is  due  to  old,  unfaired  domes  end  casings  (possibly 
rattling)  and  to  old,  noisy  designs  of  propeller  with  low  cavitation 
inception  speeds  even  at  depth.  It  is  also  apparent  that  the  gap  between 
PORPOISE  Class  and  the  modernised  submarines  tends  to  widen  as  the  speed  is 
increased.  This  appears  to  be  due  to  quieter  propellers  in  PORPOISE  Class 
and  this  conclusion  is  supported  by  the  fact  that  a  greater  reduction  in 
noise  is  achieved  by  going  deep  in  a  modernised  submarine  than  in  PORPOISE 
Class. 

131*  Even  so,  if  the  old  searoh-state  target  of  Sea  State  1  is  to  be 
approached  at  the  higher  speeds  considerable  further  reduction  is  required 
even  in  the  quietest  submarines  -  for  Instance,  15  dB  at  10  knots  in 
PORPOISE  Class.  The  source,  when  deep,  appears  to  be  largely,  if  not 
wholly,  flow  noise,  although  reduction  in  propeller  noise  would  allow 
results  no  worse  to  bo  obtained  at  shallower  depths. 

132.  Comparison  of  topside  and  keelside  results  at  identical  speeds  and 
frequencies  in  Figure  8  shows  the  topside  set  to  be  noisier  than  the  keel¬ 
side  in  each  of  the  three  divisions  of  submarines;  (old,  modernised,  and 
PORPOISE  Classes)  except  for  PORPOISE  Class  at  the  lower  frequencies,  for 
old  A,  S,  and  T  Classes  the  difference  averages  about  5  dB,  increasing 
slightly  with  depth,  but  largely  independent  of  speed  and  frequency,  while 
for  the  modern  submarines  the  difference  is  2  to  4  dB  at  5  and  10  ko/s  end 
less  at  the  lower  frequencies,  particularly  in  PORPOISE  Class.  This 
smaller  difference  betweon  topside  and  keelside  positions  in  modern  sub¬ 
marines  tends  to  oonflrm  that  old  topside  domes  were  unduly  noisy.  This 
was,  in  fact,  partly  due  to  the  casing,  flow  noise  is  still,  however,  a 
relatively  important  contributor  to  noise  in  the  newer  vessels,  and  often 
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the  major  one  beoauae  the  propeller  performance  has  been  simultaneously 
improved* 

133*  When  assessing  the  taotioal  advance  in  noise  performance  it  should 
be  borne  in  mind  that  in  older  vessels  the  keelside  set  (Type  129)  wan 
regarded  as  the  primary  set  whereas  now  it  is  the  topside  (Type  187)  on 
whioh  first  attention  is  fooused.  The  improvement  is,  therefore,  repre¬ 
sented  by  the  difference  between  keelside  in  old  submarines  and  topside 
in  new  vessels  and  is  thus,  rather  less  than  the  absolute  reduction 
obtained  in  the  topside  position. 

Comparison  of  PORPOISE  Class  with  H.M.S.  SCOTMffi?  and  *E *  Class 

134.  Special  trials  ooncerned  with  dome  development  were  oarried  out  in 
H.M.S.  SCOTSMAN  over  a  period  of  several  years.  The  results  obtained 
with  an  experimental  stainless  stool  dome  spheroidal  in  shape  were  used  in 
obtaining  the  smooth  dome  flow  noise  levels  published  in  Reference  13* 

135.  Further  trials  were  attempted  with  a  dome  of  similar  shapo  but 
constructed  of  resin-bonded  glass  fibre.  This,  however,  broke  up  during  a 
high-speed  run,  though  the  scanty  results  already  obtained  were  broadly  com¬ 
parable  with  the  earlier  measurements  with  the  steel  dome.  Both  these 
trials  had  been  conducted  using  a  large  rectangular  transducer  similar  to 
that  used  in  Type  187.  The  next  trials,  reported  in  Reference  14,  were  of 
a  prototype  glass  fibre  done,  again  a  body  of  revolution  but  this  time  for 
use  with  existing  1 5-inch  diameter  transducers.  These  are  the  results 
plotted  in  Figure  9*  It  will  be  seen  that  the  levels  are  considerably 
higher  than  either  PORPOISE  Class  or  the  earlier  H.M.S.  SCOTSMAN  results. 
This  is  thought  to  be  due  to  a  combination  of  two  reasons. 

13^.  In  the  PORPOISE  Class  tho  dome  seating  is  in  on  extreme  bow  position 
and  is  therefore  well  away  from,  and  relatively  insensitive  to  the  localised 
disturbed  flow  (and  possibly  rattling)  of  the  casing  of  the  submarine.  In 
all  the  trials  with  H.M.S.  SCOTSMAN  the  dome  lay  much  further  aft  and  was 
subject  to  such  localised  noises,  though  in  earlier  tricls  the  transducer 
used  had  a  much  higher  directivity  and  discriminated  better  against  such 
sources  well  off  the  transducer  axis.  This  enabled  lower  levels  to  be 
obtained  oven  after  making  the  larger  correction  for  directivity.  Further¬ 
more,  the  object  of  the  earlier  analysis  was  somewhat  different,  for, 
whereas  it  is  the  aim  of  this  report  to  give  average  total  self-noise 
levels  on  operational  bearings,  and  this  hod  been  done  for  the  later 
H.M.S.  SCOTSMAN  work  and  for  the  routine  trials,  tho  most  urgent  requirement 
at  the  time  of  the  earlier  H.M.S.  SCOTSMAN  trial  was  to  establish  a  mean 
level  of  the  flow  noise  component  and  its  dependence  on  speed  and 
frequency.  To  this  end  the  noisier  bearings  were  ignored  as  being  due  to 
sour co 3  other  than  flow  noise  on  Ihe  dome  skin  and  the  mean  of  quieter 
bearings  were  plotted  as  true  flow  noise. 

137.  The  sonar  equipment  in  * Ef  Class  employs  a  15-inch  diameter  transducer 
but  in  a  dome  intermediate  in  sise  between  that  normally  used  for  types  138/ 
168  and  that  for  type  187»  It  is  similar  in  form  to  the  100-inch  frigate 
dome,  and  of  streamlining  superior  to  the  early  submarine  domes.  Its 
location  is  well  forward  on  the  casing  but  not  quite  so  for  forward  as  on 
the  modern  submarine. 
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1 38*  From  the  plots  In  Figure  9  it  will  be  seen  that  the  'S'  Class  on  main 
motors  are  considerably  noisier  than  H.M.S.  SCOTSMAN  and  therefore  muoh 
noiser  than  H.M.S.  PORPOISE.  The  levels  from  the  battery  runs  at  shallow 
depths  (whioh  are  not  published  here)  were  muoh  quieter  and  were  comparable 
with,  say,  a  T  conversion  under  similar  conditions.  This  inorease  in  noise 
on  going  deep,  whioh  ooourred  in  both  submarines,  has  not  been  explained. 

No  such  anomaly  was,  however,  apparent  when  under  turbines,  and  this  was  Ifce 
condition  on  whioh  major  interest  was  oentred.  The  minimum  speed  obtainable 
under  turbines  is  about  18  knots,  though  speeds  between  14  and  18  knots  may 
be  obtained  by  running  on  one  shaft  only.  Beoause  of  functioning  diffi¬ 
culties  only  single-shaft  running  was,  in  fact,  possible  in  H.M.S.  EXCALIBUR 
but  these  results  confirmed  closely  the  corresponding  results  from  the 
H.M.S.  EXPLORER  trial. 

139.  A*  would  be  expected,  single-shaft  runs  are  considerably  noisier  than 
two-shaft  runs  at  the  same  forward  speed  since,  in  the  ease  of  the  single¬ 
shaft  drive,  the  propeller  is  slipping  and  therefore  oaviteting  excessively 
and  the  vessel  is  "crabbing"  somewhat,  resulting  in  more  turbulent  flow  and 
a  greater  extent  of  non-propollor  cavitation.  These  effects  would  all 
produce  an  increase  in  noise. 

140.  Levels  on  two  shafts  increased  steadily  with  increase  in  speed  up  to 
24  knots  but  the  faster  run  at  "J  throughput”  (the  normal  maximum  power) 
produced  a  sharp  rise  in  self  noise  for  a  smell  increase  in  forward  speed 
(l£  knots)  and  a  marked  inorease  in  vibration  throughout  the  vessel. 

141.  The  fall-off  in  noise  with  increasing  frequency  is  less  for  one  than 
for  two-shaft  runs.  This  would  tend  to  confirm  the  existence  of  a  greater 
oxtent  of  oavitatlon  noise  when  under  one-shaft  drive  and  suggest  possibly 
flow  or  machinery  noise  domination  over  certain  ranges  of  speed  and 
frequency  when  driven  by  two  shafts,  especially  as  the  slope  is  generally 
steeper  than  - 6  dB  per  octave. 

142.  The  fall-off  in  noise  for  increasing  depth  (which  is  not  shown  here) 
is,  however,  also  less  for  one  than  for  two-shaft  runs.  This  would  not 
have  been  expected  and  has  not  been  explained. 

Comparison  of  PORPOISE  Class.  U.S. Submarines  and  other  vessels 

143.  From  Figure  10  it  will  be  seen  that  the  PORPOISE  Class  submarine, 
within  its  speed  range,  closely  approaches  the  lowest  self-noise  levels 
attainable  in  our  present  state  of  knowledge.  This  is  represented  by  the 
firm  line  curve  of  "flow  noise  in  smooth  domes"  which  has  been  generally 
confirmed  by  a  number  of  different  investigators  under  widely  differing 
conditions.  A  level  besed  on  three  U.S. Submarines,  also  follows  this  flow- 
noise  line  closely  (Referonoe  13).  Beoause  of  the  number  of  results  whioh 
achieved  this  level  and  the  fact  that  none  was  ever  found  to  be  below  this, 
it  is  considered  up  to  now  that  a  "break-through"  in  the  manipulation  of  the 
boundary  layer  and  henoe  of  the  mechanism  of  flow  noise  would  have  to  be 
achieved  in  order  to  reach  substantially  lower  levels.  Certain  experiements 
in  U.S.S.  AL RAC OPE  obtained  during  some  noise  reduction  experiments 
(Reference  l6)  appear,  however,  to  yield  results  of  a  considerably  lower 
level.  Either  these  U.S.S.  ALBACOHE  results  achieve  this  breakthrough  or 
there  is  some  factor  which  has  not  been  allowed  for  in  presonting  the 
results.  It  is  thought  that  it  is  the  latter. 
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144.  The  technique  of  R.N,  and  U.S.N.  measurements  of  flow  noise  differs 
in  the  following  important  respect)  whereas  the  measurements  summarised 
in  this  report  have  been  obtained  with  a  directional  hydrophone  end  con¬ 
verted  to  an  omni-direotional  level  as  described  in  paragraphs  18  to  20. 
the  U.S.N.  technique  has  normally  been  to  use  an  omni-directional  hydro¬ 
phone.  If.  now.  large  solid  angles  of  the  hydrophone's  "view"  are 
blanked  by  absorbent  material  the  sound  field  will  no  longer  be  isotropic 
and  the  measured  level  of  noise  in  the  ooni-dlreotion&l  hydrophone  will  be 
less  in  proportion  to  the  angle  blanked.  A  direotional  hydrophone  in  the 
same  position  trained  on  an  unblanked  bearing  would  initially  show  a  still 
lower  level,  but  the  correction  for  direotivity.  which  would  bring  the 
noise  up  to  the  level  expo o ted  in  an  omni-directional  hydrophone,  would 
assume  not  only  an  omni-direotional  hydrophone,  but  also  on  isotropic  sound 
field.  The  resulting  level  would  then  be  higher  than  the  omni-direotional 
measurement  in  the  non-isotropic  field,  and  it  is  thought,  more  nearly  the 
figure  required  since  a  sonar  equipment  of  this  sort  is  almost  oertain  to 
be  directive.  It  seems  likely  then,  that  the  U.S.S.  ALBACORE  results  are 
relatively  low  for  this  reason. 

145.  Below  10  or  12  knots  PORPOISE  Class  tire  quieter  than  average  R.N. 
escorts  (Reference  1 7)  hut  the  rate  of  increase  of  noise  with  speed  seems 
to  be  less  for  the  escort. 

146.  Until  e  "break-through”  is  achieved  in  the  reduction  of  flow  noise, 
and  unless  deterioration  in  dame,  hull  and  propeller  conditions  is  allowed 
to  occur  in  individual  submarine,  PORPOISE  Class  oppear  to  be  as  quiet  as 
it  is  likely  they  can  be  as  far  as  Type  187  is  concerned. 
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'•  (Contd.) 
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TABUS  3 


H.M.S. 

AURIGA 

H.M.S. 

ARTFUL 

H.M.S. 

AMFHION 

H.M.S. 

ALARIC 

H.M.S. 

ASTUTE 

H.M.S. 

ALDERNE3 

Total  188  H/C  (Static) 

12 

12 

4 

«<’) 

6 

oW 

186  Soar oh  State 
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14 

17 

9 

5 

- 

Flow  contribution 

10 
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7 

8 

- 

- 

r—TQ  — 

Be vised  186  H/c 
(statio) 

m 

18 

131 2 3 4 (S) 6 7 8 9 

10»> 

■ 
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i 

22 

19 

14 

14 

i 

_ 1 

(1)  H.C.F. 's  dominate;  these  were  not  run  in  other  vessels  at  this  stage, 

(2)  Based  on  measurements  of  individual  machines  only. 

(3)  Based  on  published  figure;  uncertain  why  this  is  not  equal  to  the 

difference  between  the  two  figures  above  it. 

(4)  Including  extra  machines,  see  text  paragraph  102. 

(5)  No.  2  IMO  Pump  dominates. 

(6)  Mid-line  circulator  dominates. 

(7)  After  -services  circulator  dominates. 

(8)  Assuming  mid-line  circulator  and  No.  3  IMO  are  added. 

(9)  Assuming  starboard  circulator  is  added  and  No.  1  IMO  is  not/is  run 

(no  measurement  on  No,  3  IMO  which  is  usually  quioter). 
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(  No. 2 

6 

0 

0 

- 

Both  10  in  x  6  in  + 
both  10  in  x  3  in 

*• 

1 

' 

Pans  10  in  x  3  in  radar 

1 

exhaust 

- 

- 

- 

0 

galley  exhaust 

j  ** 

- 

i  “ 

am 

0 

(1)  'either*. 

(2)  "fitted  with  flexible  piping". 

(3)  "ships  ventilating  fans". 


3*. 


TABUS  6  (Contd.) 
(dB  vs  881 ) 


Additional 
Machine  s 

H.M.S. 

H.U.S. 

H.M.S. 

H.M.S. 

B.M.S.  | 

CACHALOT 

ORPHEUS 

WALRUS 

OBBRON 

Pab.  I960 

Jan.  1961 

May  1961 

July  1961 

Sept.  1961 

Air  conditioning (No. 1 

MVHI 

6 

0 

0 

0 

plant 

(No. 2 

)  ‘ 

6 

0 

6 

0 

100  lor  generator  No.1 

- 

0 

e. 

No.  2 

- 

mm 

0 

- 

- 

Trim  pump  (for*  d  aft 

1  14 

mt 

«» 

— 

4 

(aft  for'd 

- 

- 

- 

0 

Ballast  pump 

10 

- 

- 

- 

500  o/a  motor 

No.1 

— 

_ 

0 

generator 

No.  2 

- 

- 

mm 

- 

0 

Sub-pressure 

No.1 

_ 

mm 

0 

0 

pump 

No.  2 

- 

- 

0 

0 

Distiller 

No.1 

- 

mm 

0 

0 

No.  2 

- 

- 

- 

0 

0 

180V  machine 

No.1 

0 

— 

No. 2 

- 

- 

- 

0 

- 

C09  absorption 

fort 

•m 

— 

•» 

0 

mm 

unit 

aft 

- 

- 

mm 

0 

Kfl 

Battery  oooling 

No.1 

mm 

— 

mm 

7 

16 

pump 

No.  2 

- 

- 

- 

5 

16 

Add  agitation 

- 

- 

- 

0 

3 

Battery  venti- 

No.1 

— 

WjjfKMB 

11 

lation  fan(slow)  No. 2 

- 

- 

mm 

1 

"All" 

- 

mm 

qqihi 

Lub.  oil 
priming  pump 

- 

- 

- 

- 

0 

Engine  turning  1 

'stb' d 

- 

e. 

0 

gear 

‘port 

- 

— 

-  - 

4 

Crypto  maohine 

- 

- 

0 

(l )  "Group  up" 


gfiBBmSSEBS 


37. 


TABLE  7 

REDUCTION  IN  NOISE  REQUIRED 


"0"  CLASS 


•mm 


ft 


0?  THE  186  AND  AT  BOTH  FREQUENCIES  (dB) 


H.M.S. 

CACHALOT 

H.M.S. 

ORPHEUS 

H.M.S.  j  H.M.S. 
WALRUS  |  02ER0N 

H.M.S. 

PORPOISE 

Group  I  (Static) 

0 

14 

0/9^  * 

0&~ 

Group  I  (Underway) ^ 

8 

14 

5 

5 

0(2) 

Group  II  (Static) 

8 

20 

_ 

9 

2/9CO 

i<*> 

Group  II  (Underway) 

BM9 

5/9(l) 

l(4) 

(1)  9  dB  reduction  required  when  all  H.C.F.'s  run;  No.  2  aet  could  be 

run  wilhout  interference 

(2)  excluding  H.C.F.'s. 

(3)  50  rev/mln  both  shafts. 

(4)  excluding  (Main  and  domestic  refrigerators  ( though  not  noisy) 

(a.T.M.C.8  (not  measured) 

but  including  some  H.C.F.'s. 


NOTB : 

H.M.S,  0 HERON  and  H.M.S.  PORPOISE  up  to  95  rer/min  both  (and 
H.M.S.  PORPOISE  110  starboard)  with  no  increase  in  noise. 
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CROUP  3 


SECRET  DISCREET  FIG  L 


~  CROUP  4  TOPSIDE  - 

%  |  l 

\ 


_V _ 

\ 

\ 

v 


A  H  ^ 


m 

w  s  ■ 


—  -r-7\ 

\  •  *  ;j 

<  *mA 


KEELSIDE 


CLASS  OP  S/M 

No  OF 
SHIPS 

REARING 

PORPOISE 

1-3 

TRAtCO  AHEAD 

OLD, AT  CLASSES 

5-6 

TRAPCD  ASTERN 

r  CONVERSION 

2-4 

VARIOUS 

at  streamline 

3-4 

TRAINED  AHEAD 

RELO#  EQUIPMENT 

RACKGROUNO  LEVEL 

f RELOW  AOMRALTY  NOISE  TARGET  LEVEL 

\ 

\ 

Vv 


•V  \  1 


I  2  5 

5  .  IO 

FREQUENCY  KC/S: 


FIG  I 

GROUP  MACHINERY  NOISE  IN 
CONVENTIONAL  SONAR  POSITIONS 


(STATIC  TRIALS 


SECRET  DISCREET 


AJU.WE.  TECH.  NOTE  10562 


i  6“  01 A 


DOUBLE  REDUCTION  GEARING 


TURBINE 


STEAM  OVERSIDE  /STEAM  TO  TURBINE  VALVE 


(l  PER  SHAFT) - 

^  [AOOOF 

1000  fA 

^j^MlcO*  ♦ 

cot*  | 

:rl5TEAM 

STEAM  J 

3  CAM  VALVE 


v- 


CATALYST  CHAMBER  (2  PER  SHAF^ - ► 


TRIPLE  PUMP- 


SPILL  OVERBOARD 


BY  PASSES 
OPEN  IN 
H.TJ^  POSITION 
OF  3  CAM  VALVE 


H.TP  1AVCAt’  F.  WATER 


SECRET  DISCREET  FIG.2(o) 


FIG.2(a)  TURBINE 

PROPULSION  SYSTEM 
‘e’  CLASS 


I 


SECRET  DISCREET 


STEAM  TO  TUn— C  -  TURBINE  ACCELERATING 
(MUCH  LESS  STEAM  OVERSIDE) 


I 


GLIDING,  TURBINE  MACHINERY  STOPPED 


6KT 


SECRET  DISCREET  FIG  2(b) 


FIG.  2(b)  H.M.S.  EXPLORER 
EFFECT  OF  TURBINE  MACHINERY  ON 
SONAR  SELF  NOISE  AT  2-5  MC/S 
PLOT  OF  NOISE  ON  ASTERN  BEARNG 
vs  SEQUENCE  OF  EVENT. 

'with  distorted  tbc  scale  to  show  STAGES 
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FIG. ' 


KEY 

_ P.D. 

_lOO  FT. 
200  FT. 


_ IOO  FT 


FIG.  4.  SELF  NOISE  AS  A  FUNCTION  OF  SPEED 

'T'  CONV,  'a.Y  mod.  classes 
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KEY. 

-  RD 

- IOO  FT. 

.  200  FT 

- 300  FT 

BELOW  EQUIPMENT  BACKGROUND  NOISE 
LEVEL  (ELECTRONIC) 


KEELSIDE 
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FIG  5.  SELF  NOISE  AS  A  FUNCTION  OF  SPEED 

PORPOISE  CLASS 
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OMNIDIRECTIONAL  SPECTRUM  LEVEL  ( V*  I  MICROOAR  IN  I  CYCLE 


10  '3 

S 

10 

g 

s 

© 

—  15  i 

SPEED  IN  KNOTS. 

SECRET  DISCREET 


TOPSIDE 

KEY  > 


OLD  VCXT  CLASSES. 

T  CONV  ,  AJ  MOO 

PORPOISE 

BELOW  EQUIPMENT  BACKGROUND 
NOISE  LEVEL  (  ELECTRONIC) 


FIG.  6  SUBMARINE  SELF  NOISE  IN  TOPSIOE  POSITION  - 
COMPARISON  OF  CLASSES  ’SNORTINGr  AND  DEEP* 


SECRET  DISCREET 


A.U.W.E.  TECH.  NOTE  105/62 


IN  KEELSIOE.  POSITION  —  COMPARISON  OF  CLASSES.  (‘SNORTING*  AND  ‘DEEP*) . 


SECRET  DISCREET 


AJU.W.E  TECH.  NOTE.  *105/62 


SPEED  IN  KNOTS 

FIG  8  ai  COMPARISON  OF  TOPSIDE  AND  KEEL! 


T 


SECRET  DISCREET  FIG.  8fek) 


KEY: 


—  TOPSIDE 
- KEELSIDE 


SPEED  IN  KNOTS 


ft)  COMPARISON  OF  TOPSIOE  AND  KEELSIDE  RESULTS- PERISCOPE  DEPTH 

SECRET  DISCREET 


I 

I 


KEY 

.  TOPSIDE 

-  KEELSIDE 

BELOW  E  OiMPMCNT  M 
NOISE  LEVEL  (ELECTRO 


FIG.8(b;  COMPARISON  OF  TOPSIDE  AND  KEG 


KEY 


TOPSIDE 
KEEL  SIDE 


SECRET  DISCREET  FIG 8  (b) 


■v^ 


below  equipment  background 
NOISE  level  (electronic 


100/120  FEET 


b  'h  kc/s 


o 


S  KC/S 


IO  KC/S 


fcG8(b)  COMPARISON  OF  TOPSIDE  AND  KEELSIDE  RESULTS  100/120  FEET. 


SECRET  DISCREET 


AJJ.W.E.  TECH  NOTE  105/62 


A.U.WE.  TECH  NOTE  '  105/62 


KEY. 

TOPSIOC 
- KEEL  SIDE 

■ELOW  EOUPME 
NOt*E  LEVEL,  (l 


KEY 


-  TOPStOE 

- KEELSIOE 

BELOW  EQUIPMENT  BACKGROUND 
NOISE  LEVEL  (ELECTRONIC  'i 


2h  KC/S  S  KC/S 


SPEEO  IN  KNOTS 


Of  TOPSIDE  AND  KEELSIOE  RESULTS 


w>0 


SECRET  DISCREET  FIG.  8  (d) 


FEET. 
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A  U.W.E.  TECH  NOTE  105/62 


I 


SECRET  DISCREET 


SECRET  DISCREET  FIG  O 


is  (deep.) 

US.  SUBMARINES.  (REF  IS.) 

N  smooth  domes,  (ref  is) 

‘  (jr^)  (»  ») 

ESCORT.  (REF.  17) 


> 


FIG.  IO. 

COMPARISON  OF  PORPOISE  CLASS, 
US  SUBMARINES  AND  OTHER  VESSELS 
(5  KC/S,  DEEP) 
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FIG  II.  SUMMARY  OF  THE  SELF  NOISE  STATUS  OF 


K 

ERWAY) 

EL 


AVERAGE  OF 
o'ftV  CLASSES 


VlMARY  OF  THE 
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•30 


1 

Z 
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SEARCHING  2  'll  KC/S 

(ON  MAM  motors,  deep) 


TYPE  187  position 

SNORTING  IQ  KC/S 


- 1 

MOO 

“  V 

y 

A 

/ 


P  CLASS' 


A  DMA? ALT  Y  NOISE  c 
TARGET  LEVEL  (SSI  J 


-2d 


-30 


note  -  no  a  -  class 

VESSELS  INCLUDED 
IN  THIS  PLOT  ” 


ADMIRALTY 
NOISE  TARGET 
LEVEL  (iSS. 


S  IO 

SPEED  (KNOTS) 
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